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THEORY AND OFERATION O F  THE REAL-TIME DATA 
DIFFERENTIAL ABSORPTION LIDAR (DIAL) 
BY 
Carol yn B u t  1 e r  
A C Q U I S I T I O N  SYSTEM FOR THE NASAILANGLEY RESEARCH CENTER 
i INTRODUCTION 
I Th is  r e p o r t  documents work performed under Research Grant 
NCCI-28 toward t h e  improvement of  computer hardware and sof tware 
of t h e  NASA Mul t ipurpose D i f f e r e n t i a l  Absorpt ion L i d a r  (DIAL) 
exper imental  deployment a t  NASAILangley Research Center (LaRC) 
f o r  t h e  remote measurement o f  atmospheric t r a c e  gas 
concent ra t ions  from ground and a i r c r a f t  p la t fo rms.  A v i a b l e  DIAL 
system w a s  developed capable o f  remotely measuring 03 and HZO 
concent ra t ions  from an a i r c r a f t  p la t fo rm.  Experiments i n v o l v i n g  
t h e  DIAL system were s~ . r cess fu l l y  performed onboard t h e  NASA/God- 
dard F l i g h t  Center E l e c t r a  a i r c r a f t  from 1980-1987 ( r e f .  1) and 
t h e  NASAiAmes DC-8 i n  1987. 
The D I A L  Data A c q u i s i t i o n  System (DAS) has undergone a 
number o f  improvements over t h e  pas t  few years. Due t o  t h e  
p a r t i c i p a t i o n  o f  t h e  DIAL i n  t h e  Global Troposheric Experiment 
(GTE), m o d i f i c a t i o n s  and improvements o f  t h e  system have been 
tes ted  and used both i n  t h e  l a b o r a t o r y  environment as w e l l  as i n  
t h e  a i r .  The DIAL system, i n  f a c t ,  was t h e  pr imary system f o r  
two experiments i n  1987. I n  t h e  Spr ing t h e  system was f lown on 
the  Elect r -a  f o r  5,weeC::s over t h e  Amazon far- t h e  Amazon Boundary 
Layer Experiment and i n  t h e  F a l l  t h e  system was f lown on t h e  DC-8 
f o r  s t r a t o s p h e r i c  worl:: du r ing  t h e  Ozone Hole experiment. 
f o r  t h e  DIAL DAS. Many changes were performed on t h e  system 
du r ing  t h e  1986-1987 t ime frame. I n  p rev ious  years t h e  system 
was ab le  t o  look e i t h e r  above o r  below t h e  a i r c r a f t  bu t  n o t  i n  
both d i r e c t i o n s  s imultaneously.  FI change c o u l d  be m a d e  f r o m  
I nad i r  t o  z e n i t h  opera t ion  i n  a matter of  hours on t h e  ground. 
The major improvement t o  t h e  system i n  1986 was t h e  a b i l i t y  t.o 
t r ansmi t  and r e c e i v e  a l l  wavelengths above as w e l l  as below t h e  
a i r c r a f t .  The impact on t h e  da ta  system was t o  double t h e  amount 
o f  da ta  be ing recorded. I n  terms of  data tapes, t h i s  would have 
meant we would f i l l  up a tape i n  l e s s  than t e n  minutes a t  5 Hz 
operat ion.  I t  was decided t h a t  f o r  t h e  most p a r t  we d i d  n o t  need 
t h e  5 Hz h o r i z o n t a l  r e s o l u t i o n  so t h e  d i g i t i z e r s  were mod i f ied  t o  
enable them t o  perform i n t e r n a l  hardware averaging o f  succesive 
l a s e r  shots. The so f tware  wa5 incorpora ted  i n t o  t h e  DIAL DAS t o  
pr-ogram t h e  d i g i t i z e r  averaging memories t o  s e l e c t  e i t h e r  s i n g l e  
shot o r  5 shot averages o r  a combination o f  bo th  ( t h i s  w i l l  be 
discussed i n  more d e t a i l  i n  a l a t e r  s e c t i o n ) .  
The DC-8 which was used f o r  t h e  ozone h o l e  experiment, has 
on ly  an up- looking window a t  present.  Since t h e  ozone dep le t i on  
was occu r r i ng  a t  a l t i t u d e s  h igher  than t h e  a i r c r a f t  cduld f l y  we 
were o n l y  i n t e r e s t e d  i n  z e n i t h  t ransmission. Therefore, t h e  DIAL 
system was tempora r i l y  re-conf igured  t o  t ransmi t  a l l  wavelengths 
( w i t h  some redundancy) i n  t h e  z e n i t h  mode. Since most of t he  
I 
I system. The NASA D I A L  system i s  undergoing development and 
I 
I Th is  r e p o r t  i s  designed t o  be used as an opera t iona l  manual 
1 
DIAL work: i s  done i n  t h e  troposphere, t h e  emphasis i n  t h i s  r e p o r t  
w i l l  be on our z e n i t h / n a d i r  c o n f i g u r a t i o n  as performed on t h e  
E lec t ra .  
The o ther  major improvement t o  t h e  DIAL system i n  1986 was 
the  a b i l i t y  t o  ou tpu t  rea l - t ime  c o l o r  maps of  t h e  ozone 
d i s t r i b u t i o n  (as we have been doing w i t h  t h e  aerosols  f o r  t h e  
l a s t  few years ) .  Since bo th  LSI lli23's were a l ready very busy 
per forming t h e  e x i s t i n g  data a c q u i s i t i o n  and rea l - t ime  ana lys is ,  
a t h i r d  processor was added t o  the  system t o  handle t h e  ozone 
computations f o r  t h e  c o l o r  maps. Also, t h e  L S I  11/23 processors 
were rep laced by LSI 11/73 processors w i t h  t h e  f l o a t i n g  p o i n t  
acce le ra to rs  t o  speed up e x i s t i n g  computations. 
AIRBORNE DIAL SYSTEM 
The a i rbo rne  l i d a r  system uses t h e  D I A L  technique f o r  t h e  
remote measurement o f  atmospheric gas p r o f i l e s .  Th is  technique 
determines t h e  average gas concent ra t ion  over some se lec ted  range 
i n t e r v a l  by d i f f e r e n c i n g  t h e  backscat ter  s i g n a l s  f o r  l a s e r  
wavelengths tuned on and o f f  t h e  molecular absorp t ion  l i n e  o f  t h e  
gas under i n v e s t i g a t i o n .  Two D I A L  wavelengths a re  t ransmi t ted  
w i t h  a 300 usec temporal separat ion.  Simultaneously, 
measurements o f  aerosol  backscat ter  a t  mu1 t i p l e  wavelengths can 
be made by t r a n s m i t t i n g  unused (non-doubled) energy f rom t h e  DIAL 
system pump lasers .  The aerosol  measurements a re  s i n g l e  wave- 
l eng th  re tu rns .  Two coax ia l  r e c e i v e r  systems are  used t o  c o l l e c t  
and o p t i c a l l y  separate t h e  D I A L  and aerosol  re tu rns .  
Fhotomcil t i p l e r  tubes (FMT) and photodiodes de tec t  t h e  backscat- 
t e red  l a s e r  r e t u r n s  a f t e r  o p t i c a l  f i l t e r i n g ,  and t h e  analog 
s i g n a l s  from these tubes a re  d i g i t i z e d ,  averaged and s to red  on 
high-speed magnetic tape. 
The l a s e r s  can b e  f i r e d  a t  1, 5 ,  or  1 0  Hz. Current opera- 
t i o n s  a re  t o  t ransmi t  f o u r  wavelengths above t h e  a i r c r a f t  and 
fou r  wavelengths below t h e  a i r c r a f t :  an on - l i ne  UV and o f f - l i n e  
UV f o r  DIAL ozone measurements; an IF? aerosol  wavelength: and a 
v i s i b l e  aerosol  wavelength. The n a d i r  UV r e t u r n s  a re  bo th  
detected by t h e  same PMT w i t h  300 usec separa t ion  and t h e  z e n i t h  
UV r e t u r n s  a r e  s i m i l a r l y  c o l l e c t e d  by another PMT. The v i s i b l e  
wavelengths a re  c o l l e c t e d  by two more PMT's  and t h e  two I R  
r e t u r n s  a re  detected by separate photodiodes. So we have a t o t a l  
o f  8 r e t u r n s  detected by 4 F M T ' s  and 2 diodes. The n a d i r  I R  
r e t u r n  comes from t h e  o n - l i n e  l ase r  w h i l e  t h e  z e n i t h  I R  comes 
from t h e  o f f - l i n e  l a s e r  so t h e r e  i s  a 3C)O usec separa t ion  between 
t h e  two re tu rns .  Th is  a l l ows  US t o  s u m  t h e  two r e t u r n s  w i t h  an 
analog sw i t ch  (designed by H. J. A l l e n )  p r i o r  t o  be ing d i g i t i z e d  
by o n l y  one d i g i t i z e r .  The v i s i b l e  r e t u r n s  a re  obta ined i n  t . h e  
same manner and d i g i t i z e d  by j us t  one d i g i t i z e r - .  Present sof tware 
a l l ows  up t o  f o u r  d i g i t i z e r s  t o  be used w i t h  no more than (3192 
words saved i n  t h e  computer (16 MHz sampling i n t e r v a l ) .  Of t h e  
8192 words a l l o t e d  per b u f f e r ,  a t  l e a s t  40 a re  reserved f o r  shot 
header i n fo rma t ion  (shot  number, nav iga t i on  in fo rmat ion ,  energy 
monitors,  e t c . )  so a sa fe  es t imate  o f  t h e  number o f  words t o  
record  per r e t u r n  i s  obta ined by d i v i d i n g  8100 words per b u f f e r  
by t h e  t o t a l  number of  r e t u r n s .  However, f o r  t h e  n a d i r  r e t u r n s  we 
are u s u a l l y  o n l y  i n t e r e s t e d  i n  t h e  data r e t u r n  t o  t h e  ground p l u s  
an a d d i t i o n a l  area pas t  t h e  ground r e t u r n  f o r  background 
purposes. The z e n i t h  re tu rns ,  on t h e  o ther  hand, a re  no t  l i m i t e d  
b y  ground r e t u r n s  so are  o f  i n t e r e s t  f o r  a much grea ter  range. 
So we t y p i c a l l y  record  more data words of  t h e  z e n i t h  r e t u r n s  than 
we do o f  t h e  n a d i r  re tu rns .  
DATA ACBUISITION SYSTEM 
The DIAL DAS i s  c u r r e n t l y  housed i n  h a l f  a double rack (see 
f i g u r e  1 )  w i t h  d i g i t i z e r s ,  c o n t r o l  e l e c t r o n i c s  and 
p h o t o m u l t i p l i e r  tube (PMT) power supp l i es  occupying t h e  o ther  
h a l f .  Th is  set-up i s  adv isab le  i n  t h a t  i t  e l i m i n a t e s  t h e  occur- 
rence o f  ground loops between t h e  F M T ' s  and t h e  d i g i t i z e r s .  
The DIAL DAS i s  based upon two D i g i t a l  Equipment Corporat ion 
(DEC! LSI 11/73 processors and one MDB JFEP-11 f ront -end proces- 
sor. Each L S I  has 128K words of 16-b i t  memory. The o v e r a l l  f l o w  
c h a r t  f o r  t h e  D I A L  DAS i s  shown i n  f i g u r e  2.  I n  general,  a l l  
data a c q u i s i t i o n  and s torage i s  performed by t h e  LSI on t h e  l e f t  
{LSI # l ) ,  w h i l e  a l l  data d i s p l a y  and a n a l y s i s  a re  performed by 
t h e  LSI  on t h e  r i g h t  (LSI #2). LSI  #1 does have one da ta  
a n a l y s i s  f u n c t i o n .  On command, LSI #1 w i l l  generate a rea l - t ime  
c o l o r  sca le  rep resen ta t i on  of range reso lved data w i t h  averaging 
on t h e  ACT 11. The JFEP-11 i s  housed i n  L S I  # 2  and has 256K 
words o f  memory of  which 128k words can be shared w i t h  t h e  hos t  
computer. The JFEF-11 does t h e  D I A L  c a l c u l a t i o n  t o  o b t a i n  an 
ozone p r o f i l e ,  performs a runn ing  average on some number of  
p r o f i l e s  and r e t u r n s  t h a t  average t o  LSI #2 f o r  c o l o r  sca le ,  
rep resen ta t i on  on a second.ACT I 1  p r i n t e r .  
LSI #1 a c t s  as t h e  master computer through which t h e  
operator communicates w i t h  LSI #2 and t h e  JFEP-11. The operator  
communicates w i t h  t h e  master 's sof tware through a mod i f ied  Ann 
arbor keyboard ( t h e  Ann Arbor CRT has been rep laced by one o f  t h e  
dual Panasonic monitors;  t h e  Ann Arbor i n t e r f a c e  board i s  
mounted i n  a separate box). Operator i n p u t  t o  LSI #1 is t o  a 
F'lessey PM-DLV11J s e r i a l  l i n e  i n t e r f a c e  w i t h  f o u r  s e r i a l  l i n e  
p o r t s  ( t h e  f o u r t h  p o r t  be ing t h e  console i n p u t ) .  The f i r s t  
s e r i a l  p o r t  on L S I  #1  i s  used t o  communicate t o  t h e  console i n p u t  
p o r t  on an i d e n t i c a l  PM-DLV11J on LSI #2. The second p o r t  i s  
used t o  communicate t o  t h e  JFEF-11 through t h e  SLU ( s e r i a l  Sine 
u n i t )  a l s o  housed i n  L S I  # 2 .  
Data i s  presented t o  t h e  operator  on e i t h e r  t h e  Panasonic 
v ideo monitor through t h e  Matrox CJRGE-Graph c o n t r o l l e r  and/or t h e  
system c o l o r  p r i n t e r s  (Act  11). Hard copy images o f  t h e  v ideo 
graph ics  d i s p l a y  may be obta ined through P o l a r o i d  photography or  
through a so f tware  copy command t o  t h e  second ACT I 1  ( w i t h  four  
s i z e  op t i ons ) .  The DSD-480 dual f l o p p y  d i s k  u n i t s  (double s ided 
and double d e n s i t y  c a p a b i l i t i e s  a l though n o t  p r e s e n t l y  conf igured  
f o r  e i t h e r  o p t i o n )  a re  used f o r  s torage and r e t r i e v a l  o f  program 
i n f o r m a t i o n  on bo th  LSI 's.  The D I A L  da ta  i s  s to red  rea l - t ime  
us ing  one o f  two Cipher F880 magnetic tape un i t s  on 731.5 m (240C) 
f t )  r e e l s  o f  1.27 cm ( . 5  i n c h )  wide magnetic tape. Two .tape 
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u n i t  i s  r-ewinding. Tape speeds and d e n s i t i e s  a re  as fo l l ows :  
qr 
~d i p s  l216OC) b p i  (PE; IEM and ANSI compat ib le)  
li39 i p s  I21600 b p i  i F E ;  IBM and ANSI compat ib le)  
50 i p s  l23200 b p i  (PE; no t  IBM o r  ANSI compat ib le)  
A D i l o g  DL2130 prov ides  Cipher in t .er face w i t h  t h e  LSI 11/73. 
The acqcti s i  t i  on of  data i s accompl i shed us ing  fou r  Trans i  ac 
Model 2012s waveform d i g i t i z e r s  (each w i t h  a 4100 averaging 
memory). The Transiacs are  manitally programmable f o r  d i g i t i z a -  
t i o n  o f  analog s i g n a l s  i n t o  12-b i t  memory o f  s e l e c t a b l e  record  
lengths  ( t h e  s e t t i n g s  are  t y p i c a l l y  4096 f o r  DIAL a p p l i c a t i o n s )  
and s e l e c t a b l e  record  averages. The i n t e r n a l  memories o f  these 
d i g i t i z e r s  a r e  made a v a i l a b l e  t o  t h e  LSI 11/73 through a K i n e t i c s  
Systems D i r e c t  Memory Access (DMA)  i n t e r f a c e  board. I n  add i t i on ,  
t h e r e  are  f o u r  DRV11-C modules i n  LSI #1 a v a i l a b l e  f o r  p a r a l l e l  
i n t e r f a c i n g  o f  TTL d i g i t a l  s igna ls .  
SYSTEM CONFIGURATION AND CONNECTION 
Data on system component s ize ,  weight, and power consumption 
requirements a re  g iven i n  t a b l e  1. A drawing o f  t h e  two 
c o n t r o l l e r  box d i s t r i b u t i o n s  i s  shown i n  f i g u r e  3. 
One advantage t o  going w i t h  a two computer system is t h a t  
one computer can be dedicated t o  da ta  a c q u i s i t i o n  w h i l e  t h e  
second i s  dedicated t o  da ta  analys is ,  thus a l l o w i n g  f o r  much 
more r e a l - t i m e  process ing o+ ,the data. A n  a d d i t i o n a l  advantage 
i s  hardware backup. Should one LSI f a i l ,  then t h e  other  computer 
Table I .  D I A L  DAS component s p e c i f i c a t i o n s  f o r  s ize,  weight, and 
power requirements. 
Height  
DIAL DAS COMFONENT ( i n )  
W e i g h t  Power ( a m p  
( l b )  12 115 V a c )  
Magnetic tape d r i v e  ( 2 )  8.75 
LSI 11/73 ( 2 )  5.5 
DSD-480 f l o p p y  d i sk  (2) 5.5 
Panasonic dual  moni tors  8.75 
Consol e keyboard 3 . 0 
Camac c r a t e  ( f u l l )  12.5 
Act I 1  P r i n t e r  (HxWxD) ( 2 )  8.2 :.: 
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can be used as a t o t a l l y  independent data a c q u i s i t i o n  system w i t h  
1 i m i  t e d  r e a l - t i m e  d i s p l a y  capabi 1 i t i e s .  I n  f a c t ,  t h e  boards 
have been conf igured  i n s i d e  each LSI ( f i g u r e  3) so t h a t  minimal 
changes would be necessary f o r  f a l l  bacl:: t o  a one computer system. 
I 
2 - I 
M8192 CPU I DSD-480 FLOPPY INTERFACE 







D R V I I - C  a 5 0  
LP I I  
M 8059 MEMORY (I28 K )  
DRVI l -C 3 4 0  
OLVII-3 
X U  50-DYR 
I M8192 CPU I OSO-480 FLOPPY INTERmCE I I 
2 
3 
DA I I 801 INTERPROCESSOR LINK 
MATROX QRGB-GRAPH 
t - I 
4 
5 DLVIl  - J JFEP-It SLU 
6 LPl l  TCU-50 
7 M8059 MEMORY (128K) 
JFEP-I I FRONT END PROCESSOR 
0 1  
1 
I I 
Figure 3. Internal computer configurations.  
7 
Table 2a shows connect ions from the  two LSI's. LSI #2 
houses spare boards which need no t  be connected t o  anyth ing a t  
present.  Table 2b shows .various o ther  connect ions t h a t  need be 
made i n  c3r-der t o  get  t h e  DAS up and running. Table 3 l i s t 5  
the  necessary connect ions to t h e  d i g i t i z e r s .  The f i r s t  i t e m  on 
2b i s  a "da i sy  chain ' '  connect ion between t h e  two Cipher tape 
d r i ves .  The Cipher 880 manual shows no t w i s t  f o r  these cables 
Table Za. DAS component in te rconnect ions .  
LSI #1 Board Connector Type D e s t i n a t i o n  
DSD-480 f 1 oppy i n t e r f  ace 
DA11BQI in te rprocessor  l i n k  
DIJ130 magtape i n t e r f a c e  
Camac c r a t e  i n t e r f a c e  
D R V l l - C  d i g i t a l  i n t e r f a c e  
( lag(:)) 
DRV11-C d i g i t a l  i n t e r f a c e  
( ia6i:) 
DF:V1 l - .C  d i g i t a l  i n t e r f a c e  
( @7(:) ) 
LF'11 l i n e  p r i n t e r  
c o n t r o l l e r  
DLV11-J s e r i a l  l i n e  
i n t r r f  ace 
26p f l a t  cab le  D S D - 4 8 0  #1 
dual  5Op f l a t  cables LSI # 2  D A l l B O I  
(F1-2;P-l) 
dual 5Op f l a t  cab les  Cipher #1 
( J 1-2 ; J2- 1 1 
50p f 1 a t  cab 1 e Camac c r a t e  
4Op f 1 a t  cabl  e A I D  i n t e r f a c e  
(customi z e d  1 (N. McRae design) 
40p f l a t  cab le  Energy monitor 
( c LI s t o m  i z ed 1 (R. A l l e n  design) 
40p f l a t  cab le  Nav i n t e r f a c e  
(customized) (N. McRae design) 
36p f l a t  cab le  Act I 1  p r i n t e r  
2p E I A  ( p o r t  4) Ann Arbor 
2p E I A  ( p o r t  1) LSI #2 D L V l l  
( p o r t  4 )  
Zp E I A  ( p o r t  2 )  JFEP-11 SLU 
LSI #2 Board Connector Type Dest i nat  i an 
DSD-480 #Z DSD-480 f l o p p y  i n t e r f a c e  26p f l a t  cab le  
D f ' l l B O I  in te rprocessor  l i n k  dital 5Op f l a t  cab les  L S I  #1 D A l l B O I  
Matrox RRGE-Graph 
LF11 l i n e  p r i n t e r  
c o n t r o l l e r  
DLV11-J s e r i a l  l i n e  
JFEF-11 SLU 
JFEP-11 
75 Q BNC cab le  Fanasonic # 2  
36p f l a t  cab le  Act I1 p r i n t e r  
2p EIA ( p o r t  4)  LSI #1 DLVl l  
( p o r t  1) 
2p E I A  
5Op f 1 a t  cabl  e 
L S I  #2 DLVl l  
( p o r t  2 )  
JFEF-1 1 SL.IJ 
n 
Table 2b. Other in te rconnect ions .  
Cipher #1 
Ann Arbor interfac:e 
5Op dual  f l a t  cab les  Cipher #2 
26p f l a t  cab le  I.: e y b oar d 
ENC cab le  Fanasonic #1 
power cab le  Fower supp 1 y 
( h a l f  t w i s t )  (P l -F l?F2*2 )  
Table 3. Impedences f o r  d i g i t i z e r  connections. 
T r igge r  
Time Base 






Civai lable Connections f a r  r j i g i t i z e r s  
Lase-Coherent t r i g g e r  
Master Cont ro l  t r i g g e r  
T-i.3 marC::ers i p o s i  t i v e )  
T-i.1) mar I:: e r  s ( 1-1 eg a t i ve ) 
Diode c l i p p e r s  
b u t  we found a h a l f  t w i s t  was necessary t o  maC::e t h e  tape d r i v e s  
f u n c t i o n  p roper l y .  Also, t h e  manual says t h a t  o n l y  t h e  l a s t  u n i t  
i n  t h e  cha in  should be te rmina ted  b u t  we have found t h a t  when 
t h i s  i s  done y o u  cannot t u r n  o f f  one u n i t  ( t o  c l e a r  an e r r c r )  
w i thou t  a f f e c t i n g  t h e  o the r  so bo th  our u n i t s  a r e  terminated. 
Cipher #2 m u s t  have i t s  u n i t  number changed t o  two to mal.::e t h i s  
c on f i g ur a t  i on w o r  k: . 
The A n n  k rbo r  keyboard/d isp lay has func t ioned r e l i a b l y  arid 
y i e l d s  good q u a l i t y  charac ters .  The d i sp lay ,  however, i s  l a r g e  
and b u l  C::y. k Vt: : : - l70 (DEC) keyboard k i t  was t r i e d  b u t  t h e  
l e t t e r i n g  was poor and cha rac te rs  were o f t e n  thrown out. to t h e  
screen a t  random. A new 1::eyboard k i t  i s  be ing  i n v e s t i g a t e d  bu t  
f o r  now t h e  A n n  Arbor keyboard and i t s  i n t e r f a c e  board a r e  being 
used. The i n t e r f a c e  board i s  mounted i n  a separate bo:.: w i t h  an 
ex te rna l  power supply  (drawn from L S I  #1 chass i s ) .  
.... . .  ...' 
DIAL DAS F'ROGFliiM THEORY 
The NASA mul t ipurpose DIAL DAS has been developed toward 
op t im iz ing  t h e  fo l l ow ing :  
1. Speed. The D I A L  DAS m u s t  be ab le  t o  d i g i t i z e  and s t o r e  
8192 words at up t o  10 Hz r a t e s  as we l l  as r e t r i e v e  o ther  i n f o r -  
matian such as nav iga t ion ,  l a s e r  energies,  and metero log ica l  
data. A l l  t h i s  data must be read i n t o  computer memory ( p o s s i b l y  
averaged) and then recorded t o  magnetic tape p r i o r  t o  t h e  next  
l a s e r  f i r e .  To accomplish t h i s ,  DMA ( d i r e c t  memory access) 
devices were chosen. Timing t e s t s  show t h a t  i t  takes about 115 
msecs t o  s t o r e  2CtC)O words from t h e  Transiac 2012 d i g i t i z e r .  To 
record  t h e  data, streamer tape speeds are  a neccess i ty  ( f o r  8192 
words and 10 H z ) .  Since tape u n i t s  ta1::e about 3 minutes t o  
rewind, two streamer tape d r i v e s  are  necessary t o  avoid i n t e r r u p -  
t i o n s  i n  t h e  data. 
2. Size. Since t h e  LaRC DIAL system i s  main ly  an a i r p l a n e  
p l a t f o r m  system, s i z e  i s  a major cons ide ra t i on  i n  DCSS hardware. 
The c u r r e n t  DIAL DAS i s  h a l f  t h e  s i z e  o f  what i t  was f i v e  years 
ago w i t h  more than t h r e e  t imes t h e  computer c a p a b i l i t y .  
.:.. Program c o n t r o l .  Some exper imenters p r e f e r  t h e  t ype  o f  
computer system which, once s ta r ted ,  runs  i t s e l f  w i t h  no operator  
i n t e r v e n t i o n  nec:essary. The DIAL DkS i s  n o t  t h a t  k i n d  o f  system 
and, i n  f a c t ,  r e q u i r e s  t h i s  r e p o r t  and some hands-on exper ience 
t o  operate. The advantage t o  t h i s  type  o f  so f tware  i s  t h a t  i t  
a l l ows  the experimenter t o  have maximum c o n t r o l  over r e a l - t i m e  
data a c q u i s i t i o n  and d i sp lay .  Near instantaneous m o d i f i c a t i o n s  
can be made t o  bo th  us ing  t h e  commands d e t a i l e d  i n  t h e  s e c t i o n  
"Keyboard Commands" . 
4. Data d i sp lay .  There are  th ree  purposes t o  t h e  DIAL. DAS 
data d i sp lay .  When s t a r t i n g  out on a miss ion a f a s t  r e f r e s h  
p l o t t i n g  c a p a b i l i t y  i s  needed t o  a l i g n  and op t im ize  re tu rns .  
When a d: ia l  o r  a m i r r o r  i s  turned we need near instantaneous 
d i s p l a y  uf t h a t  adjustment. A s  t h e  miss ion proceeds we need t h e  
c a p a b i l i t y  t o  monitor our r e t u r n s  bu t  t h e  r e f r e s h  cyc les  a re  no t  
E.O impor tant .  fit t h i s  t ime, however, w e  need t h e  c a p a b i l i t y  t o  
do some process ing of t h e  da ta  t o  determine ozone and r e l a t i v e  
aerosol  concentrat ions.  We cannot expect t o  do a l l  necessary 
c o r r e c t i o n s  t o  t h e  data i n  a rea l - t ime  s i t u a t i o n ,  so t h e  sof tware 
has been w r i t t e n  t o  do as much as p o s s i b l e  i n  t h e  one second 
r e f r e s h  t ime  a l l o t t e d .  A s  an example, ozone concent ra t ions  can 
be c a l c u l a t e d  b u t  t h e  aerosol  c o r r e c t i o n  i s  n o t  performed. Hard- 
copy c o l o r  maps o f  aerosol  concent ra t ions  have been extr-eme1.y 
u s e f u l  i n  D I A L  missions i n  determin ing aerosol  l a y e r s  and 
subsequent f l i g h t  a l t i t u d e s  i n  and around those layers .  The 
t h i r d  purpose t o  t h e  da ta  d i s p l a y  i s  d iagnos t ics .  There are  
t imes when we need t o  look:: a t  t h e  r e t u r n s  i n  a number of  
d i f f e r e n t  ways i n  order  t o  determine why we a re  g e t t i n g  e r r o r s  i n  
mi.ir- concentrat ions.  I f  t h e  problem turns out  t o  be something 
l i k e  mis-alignment, t h e  beams can be re -a l igned and .the data f o r  
t h e  m i  ss i  on can be salvaged. 
T 
The D I A L  DCiS has +our data d i s p l a y  c a p a b i l i t i e s .  The CRT 
keyboard monitor can be used t o  l i s t  aut  raw data, t h e  cu r ren t  
banner record  (a  record  c o n s i s t i n g  of  exper imental  parameters) o r  
t h e  cu r ren t  p l o t t i n g  opt ions.  The second CFi'T monitor i s  used f o r  
p l o t t i n g  data r e t u r n s  i n  a number o f  v iewing modes. There are 
a l so  two c o l o r  p r i n t e r s ,  one which i s  used t o  generate rea l - t ime  
aerosol concent ra t ions  i n  a 3-D t ype  d i s p l a y  and t h e  o ther  i s  
used t o  generate r e a l - t i m e  ozone concent ra t ions  i n  a s i m i l a r  
d i  ~ s p l  ay mode. The second p r i n t e r  can a l s o  be used t o  copy any 
CET d i sp lay .  The advantage o f  having a l l  these d i s p l a y  modes i s  
two-f 01 d: < 1 i maximum c o n t r o l  over experiment ob jec t i ves ,  and 
12:) hard-copy data format f o r  post-mission debr ie f ings .  T'he 
disadvantage i s  t h a t  t h e  D I A L  DAS sof tware i s  long  ( r e q u i r e s  most 
o f  t h e  128K word memory on bo th  computers) and invo lved  (no t  
e a s i l y  i n t e r p r e t e d  by other  programmers). 
I d e a l l y ,  i t  would be d e s i r a b l e  t o  see a l l  t h e  data i n p u t s  a t  
any process ing l e v e l  on a shot by shot b a s i s  bu t  t h i s  i s  u s u a l l y  
no t  p o s s i b l e  i n  a rea l - t ime  s i t u a t i o n .  4s an example, we used t o  
have two modes of  c a l c u l a t i n g  ozone concent ra t ions  f o r  CRT d i s -  
p lay .  One made does a shot-by-shot c a l c u l a t i o n  averaging i n  each 
succe!ssive concentrat ion.  Th is  a l l ows  t h e  user t o  see an 
updat ing and converging average and when t h e  s p e c i f i e d  averaging 
i n t e r v a l  i s  complete e r r o r  ba rs  a re  a l s o  shown. To per form t h e  
r a t i o s  and logar i thms each t ime  r e q u i r e s  considerable CPU t ime 
(about .8 seconds an t h e  LSI 11\73). The o ther  mode averages a l l  
t h e  on - l i ne  r e t u r n s  and a l l  t h e  o f f - l i n e  r e t u r n s  and does o n l y  
one E I A L  c a l c u l a t i o n  a t  t h e  end o f  t h e  s p e c i f i e d  averaging 
i n t e r v a l .  I n  t h i s  mode, t h e  screen remains empty du r ing  the  
averaging process and no e r r o r  ba rs  can be calcci l  ated however , 
the  computation i s  done i n  about h a l f  t h e  t ime. I n  rea l - t ime  
s i t u a t i o n s  t h e r e  i; a t rade -o f f  between t ime  requ i red  t o  generate 
a d i s p l a y  versus being a b l e  t o  view t h e  data i n  t h e  most 
i n f o r m a t i v e  way. With hardware averaging o+ D I A L  re tu rns ,  we are  
ab le  tu achieve concent ra t ion  averages u s i n g  t h e  f i r s t  method a t  
r a t e s  equ iva len t  t o  t h a t  o f  t h e  second method. The second method 
is  no longer  a v a i l a b l e  as an opt ion .  
'The G I A L  EriS d i s p l a y  modes w i l l  be covered i n  more d e t a i l  i n  
t he  s e c t i o n  e n t i t l e d  "Keal-Time D a t a  Disp lay "  a n d  r e f r e s h  t imes 
are  c i t e d  f o r  each example shown. 
FER I FHERAL F'ROGRAMM I NG I NFORMA'T I ON 
Table 4 i s  a summary o f  t h e  base r e g i s t e r s  and t r a p  vec to rs  
f o r  a l l  the pe r iphe ra l  dev ices associated w i t h  t h e  two LSI 
computers. The magtape i n t e r f a c e  i s  t h e  o n l y  dev ice a t  BR7 -- 
t h e  h ighes t  p r i o r i t y  i n t e r r u p t .  The components marked w i t h  an 
aster isk :  a re  spare boards w i t h  sw i tch  r e g i s t e r s  se t  as shown. 
Table 4. Base addresses f o r  r e g i s t e r s  used by pe r iphe ra l  devices. 
LSI #1 
F1 oppy D i  si:: 
In te rprocessor  L i  nC: 
Mag-tape I n t e r f a c e  
Camac I n t e r f a c e  
*DRV 1 1 -C @40 
DR'J 1 1 -C l?50 
DRV 1 1 -C I36O 
DRV11-C 137(:) 
L i n e  F r i n t e r  C o n t r o l l e r  
S e r i a l  L ink  (Console) 
S e r i a l  Link:: i t o  LSI # 2 )  
S e r i a l  L ink  i t o  JFEP-11) 
TCU 5O-I)YR 
LSI #2 
F1 oppy D i  SI:: 
In terprocessor  L i n k  
Mat r ox 
L i n e  P r i n t e r  C o n t r o l l e r  






7677 4 i:) 
7 67750 
7 6 7760 
7 6777 0 
77751 4 
77 756O 





7 6 4 4C)i:) 
7775 14 
7 77S6O 
7.5 (3 7 '7 0 
LSI 11/73 Memory Management Reg is te rs  
Page Desc r ip to r  7 7 2300 
Page Address 7 7 2 34 (:I
Memory Management 0 777572 
Memory Management 3 7725 16 
O n  t h e  f o l l o w i n g  pages each o f  these p e r i p h e r a l  dev ices w i l l  
be discussed i n  a l i t t l e  more d e t a i l .  The i n t e n t i o n  here i s  t o  
p rov ide  o n l y  enough i n f o r m a t i o n  t o  determine i f  a pa r - t i cu la r  
dev ice i s  f u n c t i o n i n g  p r o p e r l y  and f o r  more invo lved programming 
requirements re fe rences  a re  g iven f o r  each i tem. 
The DSD 480 i s  a double sided, double d e n s i t y  f l e x i b l e  disk: 
.system which i s  RXO2 compat ib le w i t h  RT-11 V3B. However, s ince  
t h e  e x i s t i n g  DIAL computer system i s  us ing  RT11 V 3  i n t e r n a l  
s w i t c h e s  were set  t o  mal::e i t  RXO1 c o m p a t i b l e  ( s i n g l e  s i d e d ,  
s i n g l e  d e n s i t y ) .  T h e  f l o p p y  disk:: r e g i s t e r s  a r e  o u t l i n e d  b e l o w .  
RX I CS 13 7 7 7 1 7 0  command a n d  s t a t u s  r e g i s t e r  
H X  :[ DB 13 777172 d a t a  b u f f e r  r e g i s t e r  
ERROR 
INIT 
XBA17 ,  X B A l b  
SIDE SEL 
D E N  





F; t: i:,2 
GO 
R X  IES  
13 7 7 7 1 7 2  






D R V  DEN 
DEN EF:R 
F U R  L O  
INIT EN 
Error  d e t e c t e d .  
I n i t i a l i z e  t h e  D S D  480. 
E x t e n d e d  a d d r e s s  b i t s .  
R X O 2  s y s t e m  i d e n t  i f i c a t  i o n  b i  t . 
S i d e  select: =1 f o r  s i d e  0; =O f o r  s i d e  1. 
D e n s i t y  o f  t h e  f u n c t i o n  e n c o d e d  i n  FCN1-FCN3. 
T r a n s f e r  r e q u e s t  f 1 a g .  
A l l o w s  DONE t o  i n t e r r u p t .  
Oper  a t  i on  comp 1 e t e d  . 
D r i v e  u n i t  select .  
F u n c t i o n  select:  000 f i l l  b u f f e r  
00 1 e m p t y  b u f f e r  
010 w r i t e  s e c t o r  
0 1 1  r e a d  sec tor  
1OC) set  m e d i a  d e n s i t y  
101 r e a d  s t a t u s  
110 w r i t e  d e l e t e d  d a t a  s ec to r  
111 r e a d  error c o d e  
E x e c u t e  t h e  f u n c t i o n .  
1 ¶ 1 4 1 ~ 1 2 1 1 l O Y  O ?  @ I 4  8 2 1 0  
I I I 1 I I 
N o n - e x i s t e n t  memory error. 
Word c o u n t  o v e r f l o w .  
I n d i c a t e s  s i d e  s e l e c t e d  d u r i n g  l a s t  o p e r a t i o n .  
I n d i c a t e s  u n i t  s e l e c t e d  d u r i n g  l a s t  o p e r a t i o n .  
D r i v e  r e a d y  -- d i s k  i n s t a l l e d  a n d  r e a d y  t o  g o .  
D e l e t e d  d a t a  -- i n d i c a t e s  d e l e t e d  d a t a  a d d r e s s  
m a r k  w a s  f o u n d  o n  l a s t  o p e r a t i o n .  
D e n s i t y  o f  d i s k e t t e .  
DisC::ette d e n s i t y  d i d  n o t  m a t c h  DEN. 
F o w e r  f a i l u r e  i n  t h e  c o n t r o l l e r i d r i v e  s u b s y s t e m .  
I n i t i a l i z e  d o n e .  
SD 1 RDY Set f o r  d c i u b l e  s ided dis1::ette when ready. 
CHC C y c l i c  redundancy e r r o r .  
The :triterpr-ocessor LinC:: prov ides  a means a f  t r a n s f e r r i n g  
da ta  through DMA between two L S I  11/73 processors. T h i s  i s  t h e  
dev ice  u5ed b y  t h e  D I A L  DGS sa f tware  t o  t r a n s f e r  a da ta  r-ecor-d 
from LSI  #:l t o  L S I  #2 t o  be processed and p l o t t e d .  
WCNT 13 7724 10 word count 
ADDF: (3 772412 bus address 
STATUS 12 772414 c on t r o 1 / s t a t  us 




I N  EIR 
I I'J MODE 
CYCLE 
READY 
I E  
OUT IF: 
OUT D I R  
x ~ l i i ~ ,  x m i b  
OUT MODE 
GO 
S e t  b y  N E X ,  ATTN from t h e  o t h e r  computer o r  b y  
bus address ove r f  1 ow. 
Non-e:: i s t e n t  memory. 
F;eads ATTN f rom t h e  o the r  computer. 
Maintenance. 
Inpu t  i n t e r - r u p t  request .  Heads s t a t u s  o f  t h e  OUT IF: 
f rom t h e  o t h e r  computer. 
I n p u t  d i r e c t i o n .  Reads s t a t u s  o f  OUT D I R  f rom t h e  
o the r  computer. 
I n p u t  mode. Heads s t a t u s  o f  OUT MODE f r o m  uther 
computer. 
I n i t i a t e s  a UMA t r a n s f e r  when t h e  genera t ing  DA11EO:t 
i s  bo th  t h e  requested computer and t h e  t ran5mi t t .er .  
When CYCLE and GO a r e  b o t h  se t ,  an immediate bus 
c y c l e  i s  executed. 
M u s t  be c l e a r e d  b e f o r e  a block: t r a n s f e r  can he done. 
Al lows READY, I N  IF; o r  ERROR t o  cause i n t e r r u p t .  
Extended memory b i t s .  
Causes I N  SR and READY i n  t h e  o the r  computer. 
Dur ing block:: t r a n s f e r :  ==(I f o r  t r a n s m i t t e r :  = 1 f o r  
r e c e i v e r .  Must be oppos i te  o f  I N  D I R .  
Output mode: -(I f o r  DMA: =1 f o r  program mode. 
Ex ec CI t es . 
Two Cipher F880 tape  d r i v e s  a r e  a v a i l a b l e  f o r  s to rage  o f  
data.  T h i s  a l l o w s  f o r  cont inuaus da.ta a c q u i s i t i o n  when one d r i v e  
OKISINAL PAGE rs 
03p POOR QULITX 
is r e w i n d i n g .  T h e  two u n i t s  a r e  c a b l e d  t o g e t h e r  b y  a " d a i s y  
c h a i n "  c o n f i g u r a t i o n  a n d  i n t e r f a c e d  t o  t h e  LSI  ili73 t h r o u g h  a 
D i l o g  D Q I 3 0  t a p e  c o u p l e r .  T a p e  d e n s i t y  is  d e t e r m i n e d  b y  a b u t t o n  
on each C i p h e r  u n i t  a n d  tape s p e e d  i s  s o f t w a r e  s e l e c t a b l e .  T h e  
f a s t  s p e e d  < l W  i p s )  or streamer mode r e q u i r e s  a l o n g e r  
r e p a s i t i o n i r > g  t i m e  i f  t h e  t a p e  m o t i o n  s t o p s  d u r i n g  r e a d  or w r i t e  
a p e r a t i o n s .  T h e  DIAL DCjS s o f t w a r e  m u s t  stack:: d a t a  r e c o r d s  i n  
e x t e n d e d  memory d u r i n g  r e p c t s i t i o n i n g  t i m e s  t o  take a d v a n t a g e  o f  
t h e  streamer mode. T e s t s  showed  t h a t  f o r  4396 word b u f f e r s  a n d  
I O  Hz DIAL d a t a ,  11 or 12 r e c o r d s  wou ld  g e t  stacC::ed d u r i n g  
r e p o s i t i o n i n g .  T h e  i n t e r f a c e  r e g i s t e r s  are o u t l i n e d  b e l o w .  
MTS (2 77252~:) s t a t u s  
MTC 12 772522 command 
MTERC la 772524. b y t e / '  r e c o r d  cocin ter 
MTCMA la 772526 c u r r e n t  memory a d d r e s s  
MTD IS 77253(1) d a t a  b u f f e r  
MTRD @ 772532 t a p e  read l i n e s  














1 s i 4 1 ~ 1 2 1 1 1 0 s  0 t 6 s 4 t 2 1 0  
I . I . I I 1 I I I 1 I I . . 
O c c u r s  i f  !a)  a new i n s t r u c t i o n  is i s s u e d  b e f o r e  1.ast 
o n e  h a s  f i n i s h e d ,  ( b )  n o  w r i t e  r i n g  when t o l d  t o  w r i t e ,  
I C )  a command t o  u n i t  w h o s e  SELR is i3? or Id! SELF: 
b e c o m e s  (3 d u r i n g  t a p e  o p e r a t i o n .  
Set when e n d  of f i l e  is d e t e c t e d  d u r i n g  t a p e  o p e r a t i o n .  
F a r i t y  error. 
Bus grant 1 ate .  
End o f  t a p e  marker d e t e c t e d .  
Record l e n g t h  error -- d e t e c t e d  d u r i n g  r e a d  
o p e r a t i o n s  i f  t a p e  r e c o r d  is too  l o n g .  
N o n - e x i s t e n t  memory. 
I n d i c a t e s  u n i t  a d d r e s s e d  is o n - l i n e .  
B e g i n n i n g  o f  t a p e .  
Set t o  i n d i c a t e  7 - c h a n n e l  t a p e  u n i t .  
W i l l  a c c e p t  new command d u r i n g  s e t t l e  down a s  l o n g  
as i t  is i n  t h e  same d i r e c t i o n .  
Write lock:: set  i f  n o  w r i t e  r i n g  is o n  t a p e .  
F:ewind s t a t u s  set when r e w i n d  command gi \4tsny 
c l e a r e d  a t  BOT. 
T a p e  u n i t  r e a d y  is c l e a r e d  b y  GO a n d  f u n c t i o n  o c c u r s , ,  
ERROR 
FWR CLE 
S TF: E GI PIER 
RE Fi D 'i 
I E  
XFA17, XEA1b 
FCN3-FCN1 
us1 5 USG 
GO 
Set by  b i t s  7-15 of  t h e  s t a t u s  r e g i s t e r .  
Clears t h e  c o n t r o l  u n i t  and tape u n i t s .  
.Selects streamer mode. 
Sel.ects u n i t  number f o r  MTS operat ion.  
Contro l  u n i t  ready. 
I n t e r r u p t  enab 1 e. 
Extended memory b i t s .  
Funct ian b i t s  ( w i t h  GO s e t ) :  
i:) (:I i:) ( 1 )  O f f  l i n e  
i:) i:) 1 i 3) Read 
(1) 1 (1) i 5 )  Wr i te  
(1) 1 1 17) Wr i te  EOF 
1 i:)i:) ( 1 1 )  Space Forward 
1 i:) 1 i13) Space Reverse 
1 1 0 115) Wr i te  w i t h  Extended I n t e r r e c o r d  Gap 
111 (17) Rewind 
When se t ,  begins opera t ion  de f ined by func t i on .  
carnac I n t e r f a c e  ( K i n e t i c s  2?20-Z2E b_gs adaptor)  
The Transiac 2012s d i g i t i z e r s  a re  i n t e r f a c e d  t o  t h e  L.SI' 
111'73 through a K i n e t i c s  3920 Crate C o n t r o l l e r  and a K i n e t i c s  B u s  
Adaptor board. The i n t e r f a c e  is v e r s a t i l e  i n  t h a t  any u n i t  i n  
t h e  Camac c r a t e  can be addressed b y  i t s  s l o t  number. The func- 
t i o n  codes w i l l  be de f ined b y  t h e  type  o f  hardware being used i n  
t.hat s l o t .  Since t h i s  i n t e r f a c e  i s  p r e s e n t l y  being used o n l y  f o r  
t h e  Transiac d i y i t i z e r s ,  o n l y  t h o s e  function c o d e s  will b e  listed 
here. The i n t e r f a c e  has f o u r  d i r e c t l y  addressable r e g i s t e r s  p l u s  
an a d d i t i o n a l  b r e g i s t e r s  addressed by o f f s e t s .  
DLO 
L L O  
MAR 
D M A CSR 
DH I 





I3 77755c") data  low 
lam low 
memory address 
DMA c o n t r o l  / s t a t u s  
lam h i g h  
word count 
extended memory 
s t  a t  i on / f unc t i on 
IS 777552 data  h i g h  
12 777554 
I? 777556 con tr ol / s t a t  us 
l l 1 4 ~ t ~ f L i l O Y  0 t 6 9 4 3 2 1 0  
I I I . . I I . I . I 
ASCAN Enables t h e  c r a t e  c o n t r o l l e r  t o  increment t h e  
SLOTO-SLOT4 S t a t i o n  or  s l o t  number o f  Camac device. 
S A  i:) - SA 3 Sub-address o f  Camac dev ice (no t  used w i t h  Transiacs. 1 
F C NO - FC N4 Funct ion code de f ined by user device. 
Camac address on complet ion of  a Dataway Cycle. 
CACSR 
13 7 7 755 &J 
Transiac Funct ion Codes 
Reads LAM r e g i s t e r  and reco rd  length.  
Reads number o f  sweeps completed. 
Reads s i g n a l  averaged data. Cannot be executed 
u n t i l  s i g n a l  averaging d isabled.  
Tests LAM and r e t u r n s  (I! = 1 if ready f o r  readout. 
Resets module; c l e a r s  averaging memory t o  zero; 
enables averaging memory. 
Resets LAM. 
Sets t h e  record  l eng th  r e g i s t e r .  
Wr i tes  address of t he  f i r s t  da ta  word t o  be read 
from averaging memory ( m u s t  be executed t w i c e ) .  A 
record  l e n g t h  o f  4t:: i s  se lec ted  by 100(oc ta l )  i n  
DLO r e g i s t e r .  
Sets t h e  sweep r e g i s t e r .  
Disables LAM. 
Disables averaging and generates a LAM. 
Enables LAM t o  become a c t i v e  on dataway. 
Enables averaging. 
Clear and reset ;  same as F ( S ) * A ( C ) ) .  
ON-LINE ( R )  True when 3920 i s  powered and on- l ine.  
L-SUM ( R )  True i f  any LAM i s  s e t  i n  c r a t e  (causes i n t e r r u p t ) .  
NO-(I! I R / W )  Updated by 3920 dur ing  every Dataway Cycle. 
NO-X ( R / ' W )  Updated by 3920 dur ing  every Dataway Cycle. 
N:::.23 ( R )  Dur ing address scan operat ions,  i n d i c a t e s  t h e  s l o t  
number has been incremented pas t  23. 
RA2,F:Al i R i W )  Used t o  s e l e c t  r e g i s t e r s  de f ined above. 
.DONE IF:) True when 3920 has completed a progammed contra1 
opera t ion  ! i .e .  non-DMC-?). 
When set,  a l l ows  L-SUM t o  cause i n t e r r u p t .  
Da t a way i n i t i a 1 i z e. 
Dataway c l e a r  (does no t  a f f e c t  r e g i s t e r s ) .  
Sets s t a t e  of  Dataway i n h i b i t  l i n e .  
R e f l e c t s  s t a t u s  of  Dataway i n h i b i t  l i n e .  




Set by NXM, NO-X, N?23, o r  TMO: c leared  by I N I T  o r  GO. 
DMA t r a n s f e r  t o  non-existent memory attempted. 
Time-out c o n d i t i o n  du r ing  R-Repeat DMA mode (mode 3 ) .  
S p e c i f i e s  16 o r  24 b i t  data t r a n s f e r s  (16 -b i t  = 1 ) .  
Set when DMA opera t ion  i s  done. 
Enables DMA DONE t o  i n t e r r u p t .  
Extended memory b i t s  used w i t h  MAR du r ing  DMA. 
Spec i fy  mode when GO of  CACSR i s  set .  
mode 0 programmed t r a n s f e r  
mode 1 R-stop/stop on word count 
mode 2 address scan 
mode 3 R-repeat/stop on word count 
Set t o  suspend DMA operat ion.  
S . . S I S 1 . 1 S 
c . . i i I  . J,!! !, 0 0  
This  module a c t s  as an i n t e r f a c e  between t h e  LSI 11/73 and a 
p e r i p h e r a l  device. The D I A L  DAS p r e s e n t l y  uses one o f  these 
m a d c i l e s  t o  pass da ta  f rom t h e  LORAN o r  INS i n t e r f a c e  t o  t h e  
computer, one t o  t r a n s f e r  d i g i t a l  l a s e r  energy readings and one 
t o  t r a n s f e r  temperature and a l t i t u d e  in fo rma t ion  f rom a i r c r a f t  
systems. The X represents  5 ,  6 or  7 depending on which DRV11-C 
i s  being addressed. 
DF:SR 13 7677XC) con t r o 1 i s  t a t us 
DF:O 13 7677x2 ou tpu t  b u f f e r  
DR :[ 13 7677x4 i n p u t  buffer-  
REG €3 Set by user dev ice and cau5es i n t e r r u p t  i f  IEEI set .  
18 
Set by c15er dev ice and causes i n t e r r u p t  i f  IEA set .  
I n t e r r u p t  enable f o r  RED E. 
I n t e r r u p t  enable f o r  REG A. 
User de f ined . funct ion -- i f  l i n k e d  t o  another 
DRV11-C causes RED E. 
User de f ined f u n c t i o n  -- if l i n k e d  t o  another 
DRV 1 1 --C CactSeS REIS! 
I I . I . . 
! MI . I . I . I I r 
Sixteen Analog-to P i g i t a l  Conversion s i n g l e  ended i n p u t s  
(o r  e i g h t  d i f f e r e n t i a l )  a re  a v a i l a b l e  t o  t h e  DIAL DfiS through an 
AD?/:l:l-C hoard. Unipolar  i n p u t s  can range from OV t o  10V and 
b i p o l a r  i n p u t s  from -1OV t o  +li:)V and can be s to red  w i t h  
programmable ga ins  o f  1, 2, 4, o r  8 t imes t h e  i n p u t  vo l tage.  
Th is  board i s  no t  be ing used i n  t h e  system p resen t l y .  
ERR OR Caused by doing .a GO when A i D  DONE i s  s e t  o r  A i D  
5 t i i l  i n  progress. 
Al lows ERROR t o  i n t e r r u p t .  
Channel address. 
Set when A / D  done, c leared  by reading f i i D  data  b u f f e r .  
I n t e r r u p t  enab 1 e. 
Enables rea l - t ime-c lock i n p u t  t o  s t a r t  A / D  conversion. 
When se t  a l l ows  ex te rna l  trigger t o  start A / D .  
Gain se lec t :  OC)=19 (:)1=2, 10=4, 11=8. 
S t a r t s  an A i D  conversion -- c leared  a f t e r  s ta r t . ing .  
The L P l l  p rov ides  t h e  i n t e r f a c e  between t h e  LSI l l i 7 3  
computers and t h e  ACT I 1  p r i n t e r s .  Each computer has i t 5  own 
i n t e r f a c e  board. 
LFS (2 777514 5 t a t  LI 5 
LPB (2 777516 data  b u f f e r  
L F S  
13 777514 
'The Flessey FM-DLV11J is a 4-channel asynchronous s e r i a l  
l i n e  i n t e r f a c e  between t h e  LSI 11/73 bus and standard 110 
devices. O n  LSI #1 one p o r t  i s  used t o  communicate w i t h  the  
te le t ype ,  a second p o r t  i s  used t o  communicate w i t h  a second FM- 
DLVllJ i n t e r f a c e  on LSI # 2  and a t h i r d  p o r t  i s  used t o  communi- 
ca te  w i t h  t h e  JFEP-11 through i t 5  SLU board. Baud r a t e s  on bo th  
boards have been wire-wrapped f o r  9600 baud. 
From LSI #1 p o r t  # 1  t o  LSI #2 p o r t  #4 ( X = B )  and from LSI # l  p o r t  
#2 t o  JFEP SLU I X = l ) :  
RCSR I3 7765x0 r e c e i v e r  c o n t r o l  / s t a t u s  
RBUF I3 7765x2 r e c e i v e r  b u f f e r  
XCSR I3 7765x4 t r a n s m i t t e r  c o n t r o l  / s t a t u s  
XBUF I2 7765x6 t r a n s m i t t e r  b u f f e r  
From LSI #1 p o r t  #4 t o  console device: 
RCSR 12 777560 r e c e i v e r  c o n t r o l  / s t a t u s  
RBUF I3 777562 r e c e i v e r  b u f f e r  
XCSR 13 777564 t r a n s m i t t e r  c o n t r o l  / s t a t u s  
XBUF I2 777566 Transmi t t e r  b u f f  e r  
DONE 
IE 
Set when e n t i r e  word has been rece ived and i s  
ready f o r  t ransmiss ion.  
When set,  a l l o w s  DONE t o  cause i n t e r r u p t .  
ERROR Set by b i t s  14,13, o r  12. 
OVER RUN Set when p rev ious  charac ter  was n o t  complete ly  read 
FRAME Set when no v a l i d  s top  b i t  f o r  character .  
PaF: ERR F a r i t y  e r r o r .  
D R T 7 -D AT 0 Received data b i t s .  
p r i o r  t o  r e c e i v i n g  a new character .  
F:EADY 
I E  
E H E A t::: 
I . 
I 
I I I I . 1 V . 
1 1 .,i , E  . . , i  
Set when XBUF i s  ready t o  r e c e i v e  another character .  
Enables READY t o  cause i n t e r r u p t .  
When se t ,  causes a cont inuous space l e v e l  t o  be 
t ransmi t ted .  
D AT 7 -IDA T (1) T ransmi t te r  da ta  b i t s .  
These two t i m i n g  c o n t r o l  u n i t s  a re  s i m i l a r  i n  t h a t  they are  
bo th  c r y s t a l  c locks  t h a t  con t inue t o  operate even a f t e r  t h e  
cumpctter has been powered down. The TCU-5O has month, day, hours, 
minutes and seconds w h i l e  the.TCU-50 DYH a l s o  has year, day o+ 
week:: as w e l l  as . 1, .ill and . W I l  seconds. The two c locks  a re  s e t ‘  
and read d i f f e r e n t l y  so both  a re  o u t l i n e d  below. The TCU-35 DYR 
is used i n  L S I  #1 w h i l e  t h e  TCU-311 res ides  i n  L S I  # Z  bu t  is no t  
c u r r e n t l y  be ing used by t h e  DIAL DAS -- i t  i s  maintained f o r  
b ac I:: -up pur p os.es. 
STATUS 
13 76!:)776 
I I . . . . 1 . 
l i b  
f s ,  I . . . 
M / D  SET 





D A T 7 - D A TO 
I E  
WRT 
CL 1::: / RAM 
R s 9 - R so 
Month /day  b e i n g  set -- f a s t  clock o n .  
H o u r / m i n u t e  b e i n g  set -- f a s t  clocl:: o n  when 1. 
TCU r e a d y .  
I n t e r r u p t  e n a b l e  i f  s w i t c h  SW3-1 is on .  
Write e n a b l e  -- a l lows  w r i t i n g  t o  t h e  clock or 
R A M  r e g i s t e r s .  
I f  t h i s  b i t  is 0 ,  t h e n  b i t s  0-4 select o n e  o f  t h e  
T.7 .,#L clocl : :  r e g i s t e r s .  
o n e  o f  t h e  li'rZ4 CMOS RAM r e g i s t e r s .  
R e g i s t e r  select : 
(:) 0 (:I 0 c o u n t e r  - .N)l  secs 
(:I C) (:I (1) 1 c o u n t e r  - . 1 a n d  .01 secs 
(1) (1) (1) 1 i:) c o u n t e r  - secs 
(:)(:I (:I 1 1 c o u n t e r  - m i n s  
I f  1,  t h e n  b i t s  0-9 select  
,-.: >-, .. .. .C_ .I. 
counter - hours 
counter - day o f  weel:: 
counter - day o f  m u n t h  
counter - month 
l a t c h  - .001 secs 
l a t c h  - . 1  and .(:)I decs 
l a t c h  - secs 
l a t c h  - mins 
l a t c h  - hours 
l a t c h  - day o f  week 
l a t c h  - day of  month 
l a t c h  - months 
i n t e r r u p t  s t a t u s  r e g i s t e r  ( R )  
i n t e r r u p t  c o n t r o l  r e g i s t e r  ( W )  
s t a t u s  b i t  
GO command 
standby i n t e r r u p t  
The Matrox BRGB-GRAF" c o n t r o l l e r  i s  a c o l o r  g raph ics  
i n t e r f a c e  f o r  use w i t h  RGB monitors.  Contained i n  a PROM i s  a 
c o l o r  luol::-up t a b l e  which has been mod i f ied  by Norman McCrae f o r  
gray-scale operat ions.  I have w r i t t e n  general  purpose so f tware  
r o u t i n e s  t o  be used w i t h  t h e  Matrox board t o  draw axes? p o i n t  
p l o t s ,  vec tor  p l o t s  and draw characters .  There a re  512 :.: 512 
p i x e l s  a v a i l a b l e  bu t  due t o  some f l aw  i n  t h e  design o f  t he  Matrox 
board t h e  so f tware  o n l y  uses 256 p i x e l s  i n  t h e  Y d i r e c t i o n .  
There a re  : l i  d i r e c t l y  accessed r e g i s t e r s  p l u s  14 CRTC r e g i s t e r s  
t h a t  a re  i n d i r e c t l y  accessed through an address r e g i s t e r  (VECT) 
and data p o r t  I C R T S ) .  The CRTC r e g i s t e r s  w i l l  no t  be discussed 
here -- they are  used o n l y  f o r  i n i t i a l i z a t i o n  procedures and 
t .he i r  use can be found i n  t h e  Matro:,: manual. Not a l l  mnemonics 
f o r  t h e  
r e p o r t  as 
d i r e c t l y  access ib le  r e g i s t e r s  w i l l  be de f ined i n  t h i s  












X coord ina te  ( 1 0  bits) 
Y coord ina te  (10 b i t s )  
da ta  r e g i s t e r  ( 4  b i t s )  
p rese t  memory s t a t u s  
zoom/pan c o n t r o l  
acc:.: i 1 i a r  y 1 i gh t pen r e g i  s t  e r  
c o l o r  map s e l e c t  
w r i t e  p lane enable 
ve r - t i ca l  b1anl::ing s t a t u s  
CRTC address/vector r e g i s t e r  
CRTC da ta  r e g i s t e r / p r e s e t  c o n t r o l  
FHEM F L G  
CRT 1 
12 764406, 
Y z oori i -Y z oo t w  
x Z O O M ~ - X Z D ~ M O  
X F A  N2 - X F A  NO 
ALTMAF 












I N C  Y 
I N C  X 
CR TC7 -CR T CO 
CRTS 
12 764416, 
I f  1, memory i s  being preset  o r  frame grab i n  progress. 
i ~ i ~ i t 1 2 i i 1 o s  t I 4 a 2 a 0 
I . . I . I . I I I . I . 1 
Y-zoom: (I)<:) = 1, (:i1 = 2 ,  l[:) = 4 
x-zoom: 111 = 1, 110 = 2 ,  1 0 1  = 3, l(:i(:) = 4, 
01 1 = 5, <:)I(:) = 6, !:i(:i1 = 7, <:i!:)<:i = 8 
Hor i zon ta l  d i s p l a y  pan delay. 
Se lec ts  A o r  B color- look-up tab le .  
When se t ,  b l i n k s  d i sp lay .  
Continuous frame grab (no t  used).  
When 1, t h e  d i s p l a y  memory can be accessed by DMA. 
I n  t errcip t enab 1 e. 
Video bus enable when 0 .  
C l i p p i n g  enabled when 1. 
D a t i  a t  X , Y  i s  complemented when 1. 
When 0, data i n  DATA i s  au tomat i ca l l y  w r i t t e n  t o  
X , Y  when VECT i s  loaded. 
When 1, auto-decrement o f  Y is i n  e f f e c t .  
When 1, auto-decrement o f  X is i n  e f f e c t .  
When 1, auto-increment of  Y i s  i n  e f f e c t .  
When 1, auto-increment o f  X i s  i n  e f f e c t .  
Address o f  CRTC r e g i s t e r  iused o n l y  a t  s t a r t - u p ) .  
l I l 4 l t l 2 i i l O S  O ?  I 4  t 2 1 
I I I . 1 1 1 I 1 . I I I I 
.' 2; 
.I___ 
FRESET When 1, t h e  p a r t  o f  d i s p l a y  memory appearing on the  
FGS Frame grab c o n t r o l .  
DOT A7-DfiT AO Data p o r t  t o  and from t h e  CRTC r e g i s t e r s .  
screen i s  p rese t  t o  t h e  va lue i n  DATA. 
The JFEF-11 is a front-end processor us ing  a J-11 c h i p  which 
p lugs  i n t o  a &bus back:plane. It has 2 5 6 K  words o f  dual por ted  
memory which may be accessed through t h e  R-bus. The R-bus may 
on ly  access 128K o f  t h e  J-11 memory a t  a time. The lower range 
or  upper range o f  J-11 memory is se lec ted  through a b i t  i n  t h e  0- 
bus CSR. Frograms f o r  t h e  JFEP-11 a re  developed, compiled and 
l i n k e d  on t h e  LSI computers. To load a JFEP-11 program, t h e  
program i 5  loaded i n t o  t h e  memory o f  L S I  #2 w i t h  t h e  lower range 
o f  J-11 memory selected. To r u n  t h e  program on t h e  JFEP-11, LSI 
#1 communicates w i t h  ODT on t h e  J-11 board by l oad ing  t h e  program 
counter r e g i s t e r  ( R 7 )  w i t h  t h e  s t a r t i n g  address o f  t h e  J-11 
program then sending a "P" which i s  t h e  ODT command t o  proceed a t  
t h e  address po in ted  t o  by t h e  program counter.  
The DIAL DAS uses t h e  JFEP-11 t o  per form a runn ing  average 
on t h e  ozone p r o f i l e s  e i t h e r  above or below t h e  a i r c r a f t .  I n  
order t o  do t h e  runn ing  average, a l l  sho ts  m u s t  be maintained i n  
memory so t h a t  one may be subt rac ted  o f f  t h e  f r o n t  end when a new 
one i s  added t o  t h e  e x i s t i n g  average. T h i s  r e q u i r e s  a l l  t h e  
memory a v a i l a b l e  on t h e  JFEP-11. 
These r e g i s t e r s  a re  n o t  p resen t l y  used i n  t h e  D I A L  DAS 
so f tware  and a re  inc luded because they w i l l  p robably  be used i n  





DPM D I S  
VECT 
JINT REO 
1 5 1 4 1 S 1 2 1 1 1 @ 9  6 7 6 S 3 2 i 
I I 1 1 I 7'- 5 . I I 
Stop/Restar t  J-11 through power f a i l  mode. Cleared by 
w r i t i n g  a zero o r  power f a i l  acknowledged. 
Non-existent memory s t a t u s  when accessing A-bus i n  DMA mode. 
Se lec ts  lower memory when c l e a r ,  upper memory when 1. 
Enables DMA t r a n s f e r s  t o  R-bus. 
Disables t h e  dual  po r ted  memory f rom t h e  R-bus. 
J l l  vec tor  address which g e t s  s h i f t e d  by one when sent 
t o  t h e  J l l  bus, thereby, doub l ing  address i n  these b i t s .  
Generates a J l 1  i n t e r r u p t  request.  
DMA E N A  When se t ,  Q-bus  h a s  e n a b l e d  DMA t r a n s f e r s .  Read o n l y .  
UBACK When c lear ,  J i l  c a n  access 0 - b u s  DMA c o n t r o l l e r .  
GBQ G r a b  t h e  Q-bus  f o r  t r a n s f e r s  b e t w e e n  t h e  J i 1  a n d  Q-bus.  
EVT Used t o  e n a b l e  t h e  EVENT l i n e  t i m e  clock. 
RED DMA R e q u e s t s  c o n t r o l  o f  t h e  DMA l o g i c .  
VECT Vector a d d r e s s  f o r  t h e  Q-bus,  s h i f t e d  by  o n e .  
R I N T  HEQ Used t o  g e n e r a t e  a n  i n t e r r u p t  r e q u e s t  t o  t h e  R-bus. 
T h e r e  are many r e g i s t e r s  i n t e r n a l  t o  t h e  L S I  CPU's w h i c h  
w i l l  n o t  b e  d i s c u s s e d  h e r e .  T h e  r e g i s t e r s  d e s c r i b e d  b e l o w  are 
a l l  c o n c e r n e d  w i t h  memory management  a n d  are i n c l u d e d  i n  t h i s  
d o c u m e n t  b e c a u s e  t h e y  are used e x t e n s i v e l y  i n  t h e  D I A L  D A S  
s o f t w a r e .  O n l y  t h e  b i t s  t h a t  are u s e d  w i l l  b e  d e f i n e d  h e r e .  
PDR 12 7723t:)O p a g e  d e s c r i p t o r  
FAR 12 772340 p a g e  a d d r e s s  
MMRO I2 777572 memory management  r e g i s t e r  (3 






B y p a s s  c a c h e .  
P a g e  l e n g t h  f i e l d .  
P a g e  a d d r e s s  f i e l d .  A d d r e s s  t o  b e  r e l o c a t e d .  The  
a c t u a l  a d d r e s s  t h a t  is r e l o c a t e d  is t h e  FAF+iX) .  A 








z u . I . 1 1 
Enable relocation when set to 1. 





I I L * 
Enable 22-bit addressing. 
ClIAL DAS SOFTWARE 
The D I A L  DAS Qpera t ing  System (OS) sof tware  c o n s i s t s  o f  
t h r e e  programs which r u n  s imul taneously  on t h e  two L S I  processors 
and t h e  JFEP-11 processor. The program on L S I  #1 . i s  c a l l e d  
"MASTER" and i s  dedicated t o  da ta  t r a n s f e r  and storage. The L S I  
#2 program i s  c a l l e d  "SLAVE" and i s  respons ib le  f o r  data a n a l y s i s  
and d isp lay .  The program on t h e  JFEF-11 i s  c a l l e d  J l l  and does 
t h e  DIAL c a l c u l a t i o n  on an on - l i ne  and o f f - l i n e  p a i r  then per-  
forms a runn ing  average o f  these p r o f i l e s .  The user communicates 
w i t h  a l l  t h r e e  programs through LSI #1 which passes data b u f f e r s  
and d i s p l a y  o p t i o n s  t o  L S I  #2 and t h e  JFEP-11 as necessary. 
F igu re  4 shows t h e  i n te rconnec t ion  among t h e  t h r e e  programs 
running on t h e  t h r e e  processors. Dur ing r e a l - t i m e  exper imental  
s i t u a t i o n s ,  t h e  MASTER program gathers  d i g i t i z e d  l a s e r  s i g n a l s  
from t h e  Transiac 2012S's. I t  a l s o  gathers l a s e r  energ ies through 
a D R V l l - C  i n t e r f a c e ,  temperatures and pressure a l t i t u d e  through 
a second DRV11-C i n t e r f a c e ,  t i m e  of  day f rom t h e  TCU-50 DYH, and 
p o s i t i o n  i n f o r m a t i o n  f rom t h e  Loran o r  INS nav iga t i on  dev ices 
through a t h i r d  DRV11-C. Data a c q u i s i t i o n  i s  i n t e r r u p t  d r i v e n  by 
t h e  Lase Coherent Tr igger  i n t o  t h e  Transiacs. A f t e r  t h e  da ta  is 
packed i n t o  one cont inuous b u f f e r ,  t h e  reco rd  i s  w r i t t e n  t o  
magnetic tape. I f  LSI #2 has f i n i s h e d  process ing t h e  p rev ious  
l a s e r  shot,  t h e  new data  b u f f e r  i s  t r a n s f e r r e d  t o  LSI #2 f rom L S I  
#1 through a DMA in te rprocessor  l i n k .  The on - l i ne  and o f f - l i n e  
p a i r  t o  be processed i s  sent t o  t h e  JFEP-11 through J l l  dual 
po r ted  memory on LSI #2. The CRT d i s p l a y  r a t e  i n  r e a l - t i m e  
depends on t h e  amount o f  da ta  t o  be p l o t t e d  and on t h e  complex i ty  
o f  t h e  data a n a l y s i s  t o  be performed. For example, a t  5 Hz l a s e r  
f i r i n g ,  8192 words o f  raw data  from one u n i t  (no ana lys i s )  w i l l  
be viewed every f o u r t h  shot. Real-t ime p r o f i l e s  o f  ozone o r  
water vapor concent ra t ions  a re  updated every f i f t h  shot. These 
d i s p l a y s  o f  raw and processed D I A L  i n fo rma t ion  a l l o w  f o r  r e a l -  
t ime system o p t i m i z a t i o n  as w e l l  as f l i g h t  pa th  dec is ions  du r ing  
f l i g h t  operat ions.  D isp lay  r a t e s  on t h e  two ACT I 1  p r i n t e r s  a re  
governed by opera t ions  on . the i r  r e s p e c t i v e  processors. The 
range-squared aerosol  c o l o r  maps a re  performed by L S I  #1 and we 
t y p i c a l l y  do a 15 shot average (o r  3 seconds) be fo re  p l o t t i n g  50 
t h e r e  i s  p l e n t y  o f  t ime  t o  ca tch  each shot,  i .e .  a 15 shot 
average represents  3 u n i n t e r r u p t e d  seconds o f  data. O n  t h e  o ther  
hand, when we use L S I  #2 and t h e  JFEF-11 t o  per form our runn ing  
average o f  ozone p l o t s  t o  t h e  c o l o r  p r i n t e r ,  p l o t t i n g  t ime (which 
i s  done by  LSI # 2 )  must be shared w i t h  CRT data d i s p l a y  and 
ana lys is .  Depending on t h e  complex i ty  o f  CRT d i sp lay ,  a 60 shot 
runn ing  average may represent  a 2 minute o r  more d i s p l a y  i n  t ime. 
Data t r a n s f e r  ope ra t i ons  from t h e  d i g i t i z i n g  u n i t s  a re  
r e a d i l y  accomplished w i t h i n  t h e  minimum 1 W  m s  opera t ion  t ime  
envelope between l a s e r  f i r i n g s .  The lase-coherent t ime base i s  
designed t o  key t h e  d i g i t i z e r s  t o  sample f o r  136.3 usecs (1363 
words) o f  t h e  on - l i ne  l a s e  then t o  go i n t o  a "s leep"  mode u n t i l  
t h e  o f f - l i n e  l a s e  a t  which t ime  i t  r e s t a r t s  t h e  sampling ( r e f .  
3). This  avoids t h e  necess i t y  o f  d i g i t i z i n g  long records  t o  
acqu i re  t h e  on - l i ne  r e t u r n  fo l l owed  by t h e  o f f - l i n e  r e t u r n  3C)O 
usecs l a t e r .  Since bo th  sampling i n t e r v a l s  a re  t r i g g e r e d  by t h e  
I 
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actua l  f i r i n g  of t h e  l a s e r s  through o p t i c a l  sensors, t h e r e  i s  
more s t a b i l i t y  of word al ignment between t h e  on and o f f - l i n e  
re tu rns .  Software commands are  avai  1 ab le  which c o n t r o l  t h e  
s t a r t i n g  p o i n t s  and number of words f o r  data s torage f o r  each 
s i g n a l  r e t u r n .  The maximum b u f f e r  s i z e  i s  p r e s e n t l y  s e t  a t  8192 
words. The combined data s to red  from a l l  t h e  d i g i t i z e r s  i n  use 
p l u s  t h e  shot header i n f o r m a t i o n  must no t  exceed 8192 words. 
Since t h e  t e l e t y p e  i s  i n t e r f a c e d  t o  LSI #1, a sho r t  program 
i s  a v a i l a b l e  on each o f  t h e  system d i s k e t t e s  which a l l ows  t h e  
user t o  communicate d i r e c t l y  w i t h  LSI # 2 .  Once LSI #1 i s  booted, 
type  "R LSI2" t o  access LSI # 2 .  Thereaf ter ,  each character  i s  
sent through t h e  s e r i a l  l i n e  i n t e r f a c e  t o  LSI #2. S i m i l a r l y ,  
t h e r e  i s  a program on each system d i s k e t t e  c a l l e d  JFEF' t o  
communicate w i t h  ODT on t h e  JFEF-11. 
Jumpers have been se lec ted  on bo th  L S I ' s  t o  boot LIP f rom 
d i sk  t o  RT-11 on power LIP. To r u n  t h e  MASTER and SLAVE programs, 
LSI #2  must s t a r t  out  i n  RT-11. Th is  a l l o w s  program MASTER t o  
run  program SLAVE. The procedure t o  s t a r t  up t h e  MASTER/SLAVE 
programs i s  o u t l i n e d  below. System d i s k e t t e s  w i t h  t h e  R T l l  
moni tor on them have b l u e  labe ls .  The d i s k e t t e s  w i t h  t h e  
programs "MASTER" and "SLAVE" have ye l low labe ls .  
1. 
2. 





7 .  
a. 
9.  
1 0 . 
11. 
Place system disC::ettes (b lue )  i n  d r i v e  i:) o f  bo th  d i sk  d r i ves .  
F lace  MASTER ( ye l l ow)  i n  d r i v e  1 o f  LSI #1 and SLAVE 
( y e l l o w )  i n  d r i v e  1 o f  L S I  #2. 
Make sure  bo th  systems are  running RT-11 by pushing t h e  DC 
@N bu t tons  on bo th  chass is  then w a i t i n g  f o r  t h e  RUN l i g h t s  
t o  come on and s tay  l i t .  
Run program MGSTER by typ ing :  RUN MASTER 
MASTER w i l l  l oad  and i n  t u r n  c a l l  SLAVE. LSI #2 i s  ready 
when "MATROX" i s  v i s i b l e  on t h e  v ideo d i sp lay .  LSI #1 i s  
ready when t h e  d e f a u l t  banner record  i s  p r i n t e d  out  on t h e  
console d i sp lay .  
You are  now under t h e  DIAL DAS OS. Anything you t ype  i n  
f rom now on w i l l  be i n t e r p r e t e d  by program MASTER. To 
r e t u r n  t o  t h e  monitor use t h e  i n s t r u c t i o n  KILL. To r e t u r n  
t o  ODT h i t  t h e  BREAK key. 
To erase one charac ter  h i t  t h e  ''baci::space" i::ey. To erase a 
whole l i n e  h i t  t h e  DEL key. 
V a l i d  i n s t r u c t i o n s  a re  l i s t e d  i n  t h e  s e c t i o n  "t:::eyboard 
Commands". 
I f  LSI  #1 bombs, s t a r t  baci:: a t  s tep 3. 
I f  LSI  #2 bombs t o  ODT ( i n d i c a t e d  by " @ " ) ,  then type  BOOT. 
I f  LSI  # 2  bombs t o  Moni tor  ( i n d i c a t e d  by RT-11 e r r o r  ines- 
sage), t ype  SLAVE. 
I f  t h e  d i s p l a y  on LSI  # 2  stops updat ing,  use t h e  SYNC 
command. 
The user now has t h e  c a p a b i l i t y  t o  f u l l y  c o n t r o l  data 
b u f f e r i n g  and record ing,  as w e l l  as many o ther  aspects o f  data 
a n a l y s i s  and d i sp lay .  A sample user d ia logue i s  g iven a t  t h e  end 
o f  t h e  s e c t i o n  "Keyboard Commands". Comments a re  made on each 
l i n e  t o  descr ibe  what t h e  user i s  doing ( those preceded by two 
hyphens) o r  what a c t i o n  t h e  computer i s  t a k i n g  (comments i n  
parentheses).  Commands mar ked "--*" have arguments which are  
a l ready program d e f a u l t s  so they d i d  no t  need t o  be entered. 
They a re  inc luded t o  demonstrate t h e  use o f  these commands;. 
__-- Data A c q u i s i t i o n  
Data a c q u i s i t i o n  i s  c o n t r o l l e d  by hardware switches on t h e  
d i g i t i z i n g  u n i t s  and by 1::eyboard commands. On t h e  Transiac 2012s 
a 1::nob s e t t i n g  s e l e c t s  t h e  number of  p r e - t r i g g e r  samples i n  
increments o f  l i s  o f  t h e  t o t a l  record  ( a  se lec ted  record  l eng th  
c e r t a i n  number o f  p r e - t r i g g e r  samples are  d e s i r a b l e  (about 1C) t o  
2Oi t o  p rov ide  a good window f o r  t h e  t r i g g e r  mar1::er bu t  c e r t a i n l y  
no t  a l l  5:12 o f  t h e  Transiac p r e - t r i g g e r  words need be saved. 
There i s  also t h e  case where a u n i t  i s  used t o  d i g i t i z e  o n l y  an 
o f f l i n e  r e t u r n  which occur-s some t ime a f t e r  t h a t  u n i t  was t r i g -  
gered. Only t h e  data from t h e  second r e t u r n  need be saved. The 
i n s t r u c t i o n  'I STORE U19U2,U3,U4" determines t h e  s t a r t i n g  word f o r  
each u n i t  a t  which data i s  t o  be saved. For those u n i t s  s t o r i n g  
two r e t u r n s  (bo th  o n l i n e  and o f f l i n e ) ,  t h e  f i r s t  r e t u r n  i s  saved 
s t a r t i n g  a t  U i  and t h e  second r e t u r n  is saved s t a r t i n g  a t  U i  + 
1363, i = 1, 2 ,  3, OR 4. The number of  words saved o f  t h e  f i r s t  
r e t u r n  f o r  each u n i t  i s  determined by t h e  i n s t r u c t i o n  "WORDS1 
U1 , U2, US, U4". S i  m i  1 a r l  y, "WORDS2 U1 U2, U3, U4 spec i f i es t h e  number 
of  words t o  s t o r e  of t h e  second r e t u r n  of  each u n i t .  The separa- 
t i o n  between t h e  on and o f f - l i n e  r e t u r n s  has v a r i e d  from one 
miss ion t o  another so t h e  command "WAk:EUP I "  can be used t o  
change t h e  va lue from 1363 t o  a s u i t a b l e  value. The word number 
f o r  t h e  "waI::eupI'.can be determined by l i s t i n g  out  words of  t h e  
on - l i ne  r e t u r n  and o f f - l i n e  r e t u r n ,  determin ing where t h e  t r i g g e r  
markers a re  and then adding o r  s u b t r a c t i n g  from t h e  e x i s t i n g  
va lue t o  make t h e  two t r i g g e r  words f a l l  a t  t h e  same word. 
The l a s e r  shots  can be i n t e r n a l l y  averaged by t h e  Transiac 
2012s and 4100. Hardware averaging i s  a necess i ty  a t  10 Hz 
o p e r a t i o n s  f o r  b u f f e r s  o f  8192 words. The number of sho ts  t o  
average can be se lec ted  by t h e  command "DATAVG U19U2,U3,U4". 
Each u n i t  5hOuld be set t o  average t h e  same number o f  sho ts  
except when i n  "STACK" o r  "TWEEC:" modes. The maximum number of  
sho ts  t h a t  can be averaged w i thout  ove r f l ow ing  t h e  16-b i t  
i n t e r g e r  i s  15. Thus f a r ,  we heve used a 5 shot (o r  1 H z )  
averaging op t ion .  For most cases,, t h e  1 H t  r e s o l u t i o n  is more 
than adequate f o r  our exper imental  o b j e c t i v e s  b u t  a t  t imes t h e r e  
i s  a need t o  o b t a i n  a f i n e r  r e s o l u t i o n  o f  t h e  v i s i b l e  aerosol  
data. Rather than an i nc reas ing  s torage r a t e s  o f  a l l  d i g i t i z i n g  
u n i t s  t o  a 5 H i  r e s o l u t i o n  ( thereby  i nc reas ing  t h e  amount o f  
da ta  s to red  by a f a c t o r  a f  5) a spec ia l  set-up i s  p rov ided +or  
where t h e  l a s t  u n i t  t o  be sampled can be stacked i n  memory a t  t h e  
end o f  t h e  b u f f e r  a t  a d i f f e r e n t  r a t e  than t h e  other  t h r e e  u n i t s .  
There a re  two r e s t r i c t i o n s  on t h e  use o f  t h i s  procedure. The 
stacked u n i t  must be t h e  l a s t  u n i t  and t h e  r e s o l u t i o n  o f  t h e  
stacked da ta  must be 5 Hz. Thus,  f o r  a 5 Hz l a s e r  r e p i t i t i o n  
r a t e  t h e  command "DATAVG 5,5,5,1" and f o r  a 10 Hz r a t e ,  t h e  
command "DATAVG 10, 10, 10,2" a re  Val i d  stac1::ing set-ups (see 
f i g u r e  5). A n  example o f  da ta  a c q u i s i t i o n  w i l l  be g iven a t  t h e  
of 4i:)96 words would have p r e - t r i g g e r  increments o f  512). a 
1 + T i  
UNIT 2 DATA 
I DATA I @T3 
Figure 5. Stacked data  buffer format. 
32 
e n d  o f  t h e  s e c t i o n  " K e y b o a r d  Commands". 
f?EalZTi  m e  Data D i  s p l  a y  
A l l  d a t a  p r o c e s s i n g  a n d  d i s p l a y  t o  t h e  v i d e o  s c r e e n  are 
p e r f o r m e d  b y  t h e  SLAVE p r o g r a m  on  L S I  #2. LSI # 1  is r e s e r v e d  f o r  
d a t a  t r a n s f e r  f r o m  t h e  d i g i t i z e r s ,  f o r  m a g n e t i c  t a p e  o p e r a t i o n s ,  
a n d  f o r  console  k e y b o a r d  c o m m u n i c a t i o n s .  However ,  o n  request, 
LSI # 1  w i l l  p r o d u c e  real- t ime color  r e p r e s e n t a t i o n  o f  r a n g e  
r e s o l v e d  p r o f i l e s  on  t h e  A c t  I 1  p r i n t e r .  On L S I  # 2 ,  f o u r  b a s i c  
modes  f o r  DIAL d a t a  d i s p l a y  a r e  a v a i l a b l e ,  e a c h  w i t h  a v a r i e t y  o f  
d i s p l a y  o p t i o n s .  A t  t h e  same t i m e  s e v e r a l  o t h e r  p i e c e s  o f  
i n f o r m a t i o n  c a n  b e  shown o n  t h e  r i g h t  h a n d  s i d e  o f  t h e  s c r e e n .  
A l t i t u d e ,  t e m p e r a t u r e  d a t a  a n d  laser e n e r g i e s  f r o m  t h e  D R V 1 1 - C  
i n t e r f a c e s  c a n  b e  v i e w e d .  C e r t a i n  hool::-up c o n v e n t i o n s  m u s t  b e  
o b s e r v e d  f o r  t h e  DRV11-C i n p u t  i n  o r d e r  t o  g e t  d e f a u l t  
c o n v e r s i o n  c o n s t a n t s  a n d  l a b e l i n g  t o  c o r r e s p o n d :  
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a i r c r a f t  a1 t i  t u d e  
d e w p o i  n t  t e m p e r a t u r e  
t e m p e r  a t  w e  
t o t a l  t e m p e r a t u r e  
o n l i n e  UV laser e n e r g y  
o f f l i n e  UV 
o n l i n e  IH 
o f f l i n e  I R  
o n l i n e  V I S  
o f f l i n e  VIS ' I  
I I  I 1  
11 I 1  
I 1  11 







U V N  
UVF 
I R N  
I RF 
V I S N  
VISF 
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T h e  DIaL D A S  command l a n g u a g e  a l lows t h e  u s e r  t o  i n p u t  a 
s l o p e  a n d  i n t e r c e p t  t o  t h e  b a n n e r  r e c o r d  f o r  e a c h  D R V l 1 - C  c h a n n e l  
t o  c o n v e r t  t h e  d i g i t i z e d  c o u n t s  t o  t h e  u n i t s  shown a b o v e .  
C o n v e r s i o n  c o n s t a n t s  m u s t  b e  i n p u t  a s  i n t e g e r s .  So e a c h  s l o p e  
a n d  i n t e r c e p t  is r e p r e s e n t e d  b y  a n  i n t e g e r  m a n t i s s a  a n d  
c o r r e s p o n d i n g  e x p o n e n t  o f  10. T h e s e  f o u r  w o r d s  p e r  c o n v e r s i o n  
c h a n n e l  are  s t o r e d  i n  t h e  b a n n e r  r e c o r d .  T h e  u s e r  a l s o  h a s  
o p t i o n s  t o  u p d a t e  t h e  p l o t  s i d e  o f  t h e  s c r e e n  ( l e f t )  b y  i t s e l f ,  
u p d a t e  t h e  r i g h t  s i d e  b y  i t s e l f ,  or b o t h  s i d e s  a t  t h e  same t i m e  
(UFDATE command) .  
When t h e  d a t a  is b e i n g  h a r d w a r e  a v e r a g e d  b y  t h e  d i g i t i z e r s ,  
u p d a t e  o f  t h e  CRT d i s p l a y  is l i m i t e d  t o  t h e  e f f e c t i v e  r a t e  o f  t h e  
a v e r a g e d  d a t a .  I n  some cases,  a f a s t e r  u p d a t e  may b e  n e c e s s a r y  
50 a "TWEEC:: I "  command h a s  b e e n  i n c l u d e d  w h e r e  u n i t  I w i l l  by- 
p a s s  i n t e r n a l  a v e r a g i n g  t o  a l low f o r  t w e e l r i n g  or o p t i m i z i n g  of 
s i g n a l s  f r o m  t h a t  u n i t .  T o  r e t u r n  t o  n o r m a l  o p e r a t i o n s  t y p e  
TWEEC: !I) I '  . 
The d i f f e r e n t  d i s p l a y  op t i ons  a re  summarized on t h e  nex t  
page. Each d i s p l a y  mode has a number o f  d e f a u l t  op t i ons  
associated w i t h  i t .  These are  summarized i n  t a b l e  5. The 
d e f a u l t  va lues can be changed by va r ious  I::eyboard commands. 
D isp lay  o p t i o n s  a re  a v a i l a b l e  f o r  bacI::ground sub t rac t i on ,  range- 
square c o r r e c t i o n ,  over - lay ing  data of d i f f e r e n t  d i g i t i z e r s ,  
sca le  and more. Each d i s p l a y  op t i on  can be a c t i v a t e d  o r  de- 
a c t i v a t e d  i n  rea l - t ime  t o  observe s i g n a l  f e a t u r e s  i n  t h e  most 
usef c t l  format.  
Table 5. D e f a u l t  p l o t t i n g  parameters ( t roposher i c  set-up).  
PARAMETER MODE 1 MODE 2 OZONE COMMf7ND 
u n i t  s e l e c t  a1 1 
y-ax i s sca le  0 -40 9 6 
:.:-a:.: is sca l  e a l l  data 
b a c I:: gr ou n d w o r d 
b ac I:: gr  ound w i n d ow 
smooth no 
average shots  no 
range c e l l  
atmospher i c c o r r e c t i o n  
Ray1 e i  gh c o r r e c t  i on 
s h i f t  t o a  
update r i g h t  Screen yes 
rc - ad-) 
5 0 
--- 















Haw Data lMGDE r, 
This  i s  t h e  bas ic  d i s p l a y  mode wh ich .presents  raw data from 
each of  t h e  d i g i t i z i n g  u n i t s  as i t  e x i s t s  i n  computer memory 
( f i g u r e  6). The abscissa represents  w o r d  sequence in m e m o r y  
w h i l e  t h e  o r d i n a t e  i s  ad jus ted  t o  present  t h e  12-b i t  s i g n a l  
magnitude w i t h  v a r i a b l e  magn i f i ca t i on .  The one word i n s t r u c t i o n  
"MODE 1" c a l l s  up a l l  t h e  o p t i o n s  l i s t e d  as d e f a u l t s  i n  t a b l e  5 .  
Qnljne/Offline Overlay (MODE 2, 
A second d i s p l a y  mode presents  t h e  raw data s i g n a l s  i n  an 
overlapped format. A s  shown i n  f i g u r e  7, t h e  o n l i n e  and o f f l i n e  
r e t u r n  s i g n a l s  from each u n i t  a re  overlayed. U n i t s  1 and 2 
represent  UV r e t u r n s  i n  t h e  n a d i r  and z e n i t h  d i r e c t i o n s  
r e s p e c t i v e l y .  U n i t  3 shows t h e  1i)bOnm aerosol  r e t u r n s  -- t h e  
z e n i t h  and n a d i r  r e t u r n s  have been summed w i t h  an analog sw i t ch  
t o  enable us t o  d i g i t i z e  w i t h  o n l y  one u n i t .  U n i t  4 shows t h e  
6OC)nm aerosol  r e t u r n s  --again these r e t u r n s  have been summed. By 
de fau l t ,  each o f  these r e t u r n s  have been smoothed over 3 0 0 m  and 
p l o t t e d  as a f u n c t i o n  o f  t ime, each t i c  mark represent ing  
1. usec. Each data shot i s  p l o t t e d  i n  t h i s  mode s t a r t i n g  a f t e r  
(0 (0 (0 e a a 
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t h e  FMT ga te  delay. I n  t h i s  mode a search i s  a l s o  performed .for 
a t r i g g e r  p o s i t i o n  t o  l i n e  LIP each o f  t h e  r e t u r n s  w i t h  respect  t o  
the  l a s e r  f i r i n g s .  Th is  t r i g g e r  p o s i t i o n  word number i s  
d isp layed on t h e  r i g h t  hand s i d e  o f  t h e  screen. The user 
s p e c i f i e s  t h e  t r i g g e r  o r d i n a t e  l e v e l  t o  be used f o r  each 
d i g i t i z e r  u n i t  a long w i t h  t h e  number o f  words i t  is nomina l l y  
delayed. The lase-coherent t r i g g e r  mar1::ers a re  e l e c t r o n i c a l l y  
delayed 14 words from t h e  ac tua l  l a s e r  f i r i n g  bu t  a breakthrough 
pu lse  OCCLWS a t  t h e  same word as t h e  l a s e r  f i r i n g .  
F igu re  8 shows t h e  e f f e c t  o f  a c t i v a t i n g  t h e  bacl.::ground 
s u b t r a c t i o n  and range squared op t i ons  on t h e  p r o f i l e  o f  UNIT1 i n  
f i g u r e  7 !MODE 2 ) .  Disp lay  o f  t he  data i n  t h i s  mode a l l ows  us t o  
more r e a d i l y  see t h e  d i f f e r e n c e s  i n  t h e  absorbed on - l i ne  r e t u r n  
as compared t o  t h e  o f f - l i n e  r e t u r n .  F igu re  9, again shows t h e  
e f f e c t  o f  a c t i v a t i n g  t h e  s u b t r a c t i o n  and range squared op t ions .  
Th is  t ime t h e  on - l i ne  r e t u r n s  o f  un i t s  3 and 4 have been se lec ted  
and t h e  ove r lay  o p t i o n  i s  turned on. From t h i s  d i s p l a y  we can 
e a s i l y  see t h e  response o f  t h e  t w o  d i f f e r e n t  aerosol  wavelengths 
used -- one being more s e n s i t i v e  t o  t h e  molecular content  o f  t h e  
atmosphere. The sequence o f  i n s t r u c t i o n s  t o  o b t a i n  f i g u r e  9 i s  
as fo l l ows :  
MODE 2 




r? 16 l e v e l  gray sca le  d i s p l a y  format i s  a v a i l a b l e  f o r  
p resen ta t i on  o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  aerosol  s c a t t e r i n g  
I n  process ing t h e  aerosol  1 i d a r  re tu rn ,  t h e  background s i g n a l  
level is subt rac ted  from t h e  l idar-plus-background s i g n a l  and 
t h e  geometr ica l  range squared l i d a r  signal  dependence is 
e l im ina ted .  The r e s u l t i n g  l i d a r  backscat ter  p r o f i l e  i s  
i n d i c a t i v e  o f  t h e  d i s t r i b u t i o n  o f  aeroso ls  along t h e  l i d a r  l i n e -  
o f - s igh t .  The v e r t i c a l  r e s o l u t i o n  o f  t h e  aerosol  da ta  i s  15 m. 
The nominal h o r i z o n t a l  r e s o l u t i o n  i s  10 m f o r  a i r c r a f t  ope ra t i on  
a t  a 10 Hs r e p e t i t i o n  r a t e .  The backscat te r  s i g n a l  l e v e l  i s  
converted i n t o  a 16 l e v e l  gray sca le  d i s p l a y  l i n e  where s t ronger  
s c a t t e r i n g  i s  i n d i c a t e d  by h igher  b r i gh tness  on t h e  monitor o r  
a darC:er do t  p a t t e r n  on t h e  p r i n t e d  ve rs ion  o f  t h e  d i sp lay .  
Sequent ia l  gray sca le  l i n e s  a re  used t o  cons t ruc t  a rea l - t ime  
p i c t u r e  of t h e  aerosol  v e r t i c a l  d i s t r i b u t i o n  along t h e  E l e c t r a  
f l i g h t  path.  Each o f  t h e  gray sca le  d i s p l a y s  can con ta in  300 
i n d i v i d u a l  o r  i n t e g r a t e d  aerosol  p r o f i l e s .  A t  a l a s e r  pu l se  
r e p e t i t i o n  r a t e  o f  1 o r  10 Hz, t h e  3C)O i n d i v i d u a l  p r o f i l e s  
correspond t o  a nominal h o r i z o n t a l  t r a v e r s e  o f  30 o r  3 krn, 
r e s p e c t i v e l y .  Th i s  h o r i z o n t a l  sca le  assumes a nominal ground 
speed o f  1W m/sec f o r  t h e  E l e c t r a  a i r c r a f t .  The gray sca le  
format shows t h e  t e r r a i n  p r o f i l e ,  and i t  c l e a r l y  i d e n t i f i e s  t h e  
d i s t r i b u t i o n  o f  aerosols  i n  t h e  boundary l a y e r  and t h e  f r e e  
I 
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troposphere. Since t h e  a d d i t i o n  of  t h e  i iCT  I 1  p r i n t e r s  t o  t h e  
system, t h i s  opera t ion  i s  performed hardcopy and i n  c o l o r  on one 
of  t h e  p r i n t e r s  and r a r e l y  used as a CRT mode o f  d isp lay .  
Th is  d i s p l a y  mode presents  t h e  gas concent ra t ions  as a 
f u n c t i o n  o f  a l t i t u d e  o r  range c a l c u l a t e d  from t h e  DIAL s i g n a l  
p a i r  ( f i g u r e  10).  For each DIAL re tu rn ,  t h e  background s i g n a l  
The s t a r t i n g  l e v e l  i s  i n t e g r a t e d  over a s p e c i f i e d  i n t e r v a l .  
p o i n t  o f  t h i s  i n t e g r a t i o n  i s  se lec ted  by t h e  command "BGWOHD" and 
t h e  number of words t o  average over i s  s p e c i f i e d  by "BGWIND". 
Th is  average background i s  scibt.racted from t h e  r e t u r n  s i g n a l  , and 
t h e  r e s u l t i n g  data i s  then smoothed w i t h  a running mean over t h e  
s p e c i f i e d  range i n t e r v a l  (see "SMOOTH"). Th is  smoothing 
technique does no t  i n t roduce  e r r o r s  o n l y  f o r  those atmospheric 
c o n d i t i o n s  where t h e  aerosol  s c a t t e r i n g  i s  n o t  changing r a p i d l y  
along t h e  D I A L  measurement path. The D I A L  equat ion ( r e f .  1) i s  
, 
Th is  o p t i o n  represents  t h e  same t ype  o f  d i s p l a y  as descr ibed 
f o r  "GRYSCL"; however, i t  i s  done i n  c o l o r  on t h e  ACT I 1  p r i n t e r .  
When t h i s  o p t i o n  i s  ac t i va ted ,  t h e  c u r r e n t  banner record  and 
MAFGEH p l o t t i n g  parameters a re  p r i n t e d  fo l l owed  by a 25 shade 
c o l o r  sca le  d i s p l a y  o f  r e l a t i v e  aerosol  concentrat ions.  The 
c o l o r  sca le  which f o l l o w s  t h e  c o l o r  spectrum i s  shown a t  t h e  top 
o f  each p l o t .  White i s  on t h e  low end o f  t h e  sca le  and b lack  i s  
on t h e  h i g h  end. The user s p e c i f i e s  a minimum value below which 
a l l  da ta  w i l l  appear as wh i te  ("WHITE") and a maximum value above 
4 1  
which a l l  da ta  w i l l  appear as black: i"BLACt:::"). Data shots  may be 
averaged (up t o  15 shots)  o r  p l o t t e d  i n d i v i d u a l l y .  A d d i t i o n a l l y ,  
data may be v e r t i c a l l y  smoothed w i t h  a runn ing  average. The 
nad i r  data can be s h i f t e d  f o r  a l t i t u d e  v a r i a t i o n s  us ing  t h e  
i n fo rma t ion  i n  t h e  shot header i f  t h e  ALTCOR o p t i o n  i s  used. 
Dciri,ng r e a l - t i m e  opera t ions  t h e  computer can p l o t  about one 
p r o f i l e  a second ( e i t h e r  averaged or  i n d i v i d u a l ) .  Time, l a t i t u d e  
and l o n g i t u d e  are p r i n t e d  a t  s p e c i f i e d  minute markers. The hard 
copy cont inues u n t i l  turned o f f  w i t h  t h e  i n s t r u c t i o n  "AEROFF" or  
whenever any o f  t h e  MAFAER p l o t t i n g  parameters a re  changed. The 
user must r e - s t a r t  w i t h  "MAFAER" a f t e r  changing p l o t t i n g  parame- 
t e r s .  Th i s  a l l ows  t h e  new p l o t t i n g  parameters t o  be p r i n t e d  so 
t h a t  an updated record  i s  always ava i l ab le .  
On and o f f - l i n e  p a i r s  o f  data a re  sent t o  t h e  JFEF-11 
through t h e  shared memory on LSI #2 and ozone concent ra t ions  
s i m i l a r  t o  those discussed above (CRT d i s p l a y  mode) a re  
ca lcu la ted .  Each concen t ra t i on  p r o f i l e  up t o  some s p e c i f i e d  
average i s  s to red  i n  t h e  JFEP memory. When a t o t a l  number o f  
p r o f i l e s  f o r  t h e  average has been stored, a'new p r o f i l e  w i l l  be' 
added on t o  t h e  end f o r  one t h a t  i s  subt rac ted  o f f  t h e  beginning 
t o  form a runn ing  average. A l l  op t i ons  discussed i n  t h e  s e c t i o n  
concerning t h e  CRT ozone d i s p l a y  a l s o  apply  t o  t h e  hard-copy 
d i s p l a y s  b u t  m u s t  be preceded by t h e  symbol *. Each s i n g l e  ozone 
p r o f i l e  can be s h i f t e d  i n  t h e  a r r a y  t o  compensate f o r  v a r i a t i o n s  
i n  a i r c r a f t  a l t i t u d e  us ing  t h e  i n fo rma t ion  i n  t h e  shot header 
( n a d i r  mode o n l y ) .  A d d i t i o n a l l y ,  c loud r e t u r n s  can be detected 
and computations w i l l  be performed as f a r  as t h e  c loud us ing  t h e  
CLOUD I parameter. A va lue o f  CLOUD 2 w i l l  p i c k  up weak: c louds 
and a va lue of CLOUD 4096 w i l l  i gno re  c louds a l toge the r .  
F igu re  11 shows sample aerosol  and ozone c o l o r  maps us ing  
t h e  MAFAER and MAPUV commands. 
The D I A L  data i s  s to red  i n  rea l - t ime  us ing  one o f  two Cipher 
tape d r i ves .  Th is  a l l ows  f o r  constant reco rd ing  o f  data wh i l e  
one u n i t  i s  rewinding. The data i s  recorded a t  1M) i p s  i n  
"streamer" mode. Streamer mode i s  the  o n l y  method we found t o  
record  t h e  8t::: b locks  o f  D I A L  data a t  10 Hz operat ion.  The 
disadvantage of streamer mode i s  t h a t  i f  t h e  tape u n i t  does no t  
get  a new i n s t r u c t i o n  w i t h i n  a smal l  p e r i o d  o f  t ime i t  r e q u i r e s  a 
long r e p o s i t i o n i n g  t ime. The D I A L  DAS so f tware  was w r i t t e n  so 
t h a t  each da ta  t r a n s f e r  f rom t h e  d i g i t i z e r s  i s  s to red  i n  a 
consecut ive blocl:: o f  extended memory -- up t o  11 b1ocP:s a re  
a v a i l a b l e  ( f o r  non-stack: ope ra t i on ) .  Once t r a n s f e r  t o  t h e  top 
blocl:: (I? 74(:)(300) i s  done da ta  t r a n s f e r  cont inues  t o  t h e  bottom 
b lock  (E! 200(:)00) . When a request  i s  made t o  commence reco rd ing  
data, t h e  f i r s t  a v a i l a b l e  b lock  i s  t r a n s f e r r e d  t o  tape as soon as 
t h e  tape has repos i t ioned.  Dur ing r e p o s i t i o n i n g  t ime o ther  data 
b locks  w i l l  be s to red  i n  memory and these a re  queued as they come 
.along. A s  soon as t h e  tape i s  again ready i t  i s  g iven t h e  next  
queued b l  ocl:: t o  record.  Th is  procedure produces a streaming 
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opera t ion  w i t h  minimal need t o  r e p o s i t i o n .  Tests show t h a t  41:: 
b1ocl::s a re  w r i t t e n  t o  tape a t  10 Hz w i t h  up to  10 b1ocl::s g e t t i n g  
queued, a t  5 Hz 5 b locks  get  queued and a t  1 Hz no b locks  get  
queued. 
Data i s  w r i t t e n  us ing  l&X) b p i  PE magnetic tape format on 
24C)C)-ft r e e l s  o f  . S  i n  wide magnetic tape. Each data s torage 
f i l e  begins w i t h  a 2% word banner record  (16 b i t s  per word) w i t h  
DIAL l j A S  i .nformat ion as shown on t a b l e  6. The data from each 
lase r  shot i s  packed i n t o  one l a r g e  record  on inagnetic tape (da ta  
from a l l  d i g i t i z e r  u n i t s  a re  pac1::ed i n t o  one s i n g l e  b u f f e r ) .  
Each data reco rd  begins w i t h  a shot header o f  i n fo rma t ion  
requ i red  on a shot-by-shot bas is .  Th is  i nc ludes  time, shot 
number, l a t i t u d e ,  long i tude,  a l t i t u d e ,  temperature data, and 
l a s e r  energies.  The number of words i n  t h e  header i s  c u r r e n t l y  
.-*(-I bu t  t h i s  number can b e  changed w i t h  t h e  i n s t r u c t i o n  "HDRFTS". 
Table 7 shows t h e  s t r u c t u r e  of a t y p i c a l  da ta  record.  A t  t h e  end 
I of t h e  tape o r  a t  t h e  end o f  t h e  i n fo rma t ion  s to red  on t h a t  tape 
t h e r e  a re  2 f i l e  marks (EOF) t o  denote end o f  in fo rmat ion .  
While reco rd ing  data, i+ one tape d r i v e  reaches an end of  
tape marker then i t  w i l l  au tomat i ca l l y  back LIP two records,  w r i t e  
two EOF's, s t a r t  rewinding t h e  tape, and s t a r t  reco rd ing  a new 
f i l e  on t h e  a l t e r n a t e  tape d r i v e .  
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banner record  format 
tape # 
f i l e  # 
# words i n  shot header 
da te  
p lane a l t i t u d e  ( f e e t )  iw10 when va lue i s  negat ive)  
up/down mode iO=down; i=up) 
sampling frequency iMHz 1 
l a s e r  f i r e  word # 
l a s e r  rep  r a t e  ( H z )  
absorp t ion  coef f i c i ent  (mant i ssa) 
absorpt  i on coef f i c i  en t  (e:.: ponent 1 
waC::eup va lue 
spares 
words i re tu rn  #1 u n i t  1 
words i re tu rn  #1 u n i t  2 
words i re tu rn  #1 u n i t  3 
words/ return #1 u n i t  4 
words/ return #2 Ltni t 1 
words i re tu rn  #2 u n i t  2 
words i re tu rn  #2 u n i t  3 
words i re tu rn  #2 u n i t  4 
s t a r t i n g  s torage word u n i t  1 
s t a r t i n g  s torage word u n i t  2 
s t a r t i n g  s torage word u n i t  3 
s t a r t i n g  s to rage-  word u n i t  4 
basel  i ne u n i  t 1 
basel  i ne u n i t  2 
basel  i n e  u n i t  3 
base l i ne  u n i t  4 
d i r e c t i o n  and magnitude of  t r i g g e r  marker u n i t  1 
direction and magnitude of trigger marker unit 2 
d i r e c t i o n  and magnitude of  t r i g g e r  marker u n i t  3 
d i r e c t i o n  and magnitude o f  t r i g g e r  marC::er u n i t  4 
sho ts  t o  accuncilate u n i t  1 
shots  t o  accumulate u n i t  2 
shots  t o  accumulate u n i t  3 
shots  t o  accumulate u n i t  4 
p o s t - t r i g g e r  de lay (usecs) u n i t  1 
p o s t - t r i g g e r  de lay iusecs) u n i t  2 
p o s t - t r i g g e r  de lay (usecs) u n i t  3 
p o s t - t r i g g e r  de lay (usecs) u n i t  4 
species i d e n t i f i e r  ( R A D S O )  u n i t  1 
species i d e n t i f i e r  ( H A D S O )  u n i t  2 
species i d e n t i f i e r  ( H A D S O )  u n i t  3 
species i d e n t i f i e r  (RADS(:)) u n i t  4 
t r i g g e r  mar1::er de lay  (words) u n i t  i 
t r i g g e r  marl::er de lay iwords) u n i t  2 
t r i g g e r  marker de lay (words) u n i t  3 
t r i q g e r  rnarL:er de lay (words) u n i t  4 
spares 
ALT and TEMP c a l i b r a t i o n  constants  f o r  channels 1-10 
4 words per channel (s lope mantissa, s lope exponent, 
i n t e r c e p t  mantissa, i n t e r c e p t  exponent) 
Energy monitor c a l i b r a t i o n  constants  f o r  channels 1-6 
4 words per channel (same as ADV11-C constants  above) 
Data record  s t r u c t u r e  f o r  shot b u f f e r s .  
shot numb e r  
stack/nostack i n d i c a t o r  i l=stacC::ed) 
t ime o f  day 
ct n LI sed 
l a t i t u d e  ( low o rde r )  
l a t i t u d e  ( h i g h  order )  
l o n g i t u d e  (low orde r )  
l ong i tude  (h igh  o rde r )  
pressure a1 t i  tude 
radar  a1 t i  tctde 
dew p o i n t  temperature 
s u r f  ace temperature 
t o t  a1 temper a t  ur e 
Gregory Ozone 
spare D K V l 1 - C  channels 
o n l i n e  UV energy 
o f f l i n e  U V  energy 
o n l i n e  I F ?  energy. 
o f f l i n e  IF4 energy 
o n l i n e  v i s i b l e  energy 
o f f l i n e  v i s i b l e  energy 
spare energy monitor channels 
# shots  averaged u n i t  1 (same as I B A N i 3 7 )  ) 
# sho ts  averaged u n i t  2 (same as I R A N ( 3 8 )  ) 
# shots averaged u n i t  3 ( s a m e  as I H f i N ( 3 9 ) )  
# shots  averaged u n i t  4 (same as I B A N i 4 0 )  ) 
# i n t e r r u p t s  rece ived from u n i t  1 
# i n t e r r u p t s  rece ived from u n i t  2 
# i n t e r r u p t s  rece ived from u n i t  3 
# i n t e r r u p t s  rece ived from u n i t  4 
spares 
above c o n s t i t u t e s  t h e  e x i s t i n g  shot header. A f t e r  t h i s  
da ta  t h e  record  b u f f e r  w i l l  con ta in  t h e  da ta  s to red  from the  
va r ious  d i g i t i z e r s .  The banner record  whose va lues were de f ined 
i n  t a b l e  6 ( I R A N )  determines t h e  s torage o f  data: 
i f  
then t h e  data i s  l oca ted  i n  t h e  b u f f e r  as f o l l o w s  
L = I B A N i 4 )  , M l = I B A N I 1 7 ;  , M 2 = I B A N i 1 8 )  , M 3 = 1 B A N ( 1 9 )  , M 4 = I E A N i X 1 )  
N l = I B A N ( 2 l ) , N Z = I B A N i ~ 2 ) , N ~ = I R A N ( 2 ~ j , N 4 = ~ B ~ N ~ ~ 4 ~  
stack word if end wc)rd if c_ont5!n_ts 
L s h o t  h e a d e r  1 
L + l  L+M1 U n i t  1 d a t a  ( o n l i n e )  
L+M1+1 L+M1+N1 = t:::1 U n i t  1 d a t a  ( o f f l i n e )  
t::: 1 + 1 I.::: 1 +M2 U n i t  2 d a t a  ( o n l i n e )  
t::: 1 +m+ 1 1::: 1 +rqZ+NZ = k : : ~  U n i t  2 d a t a  ( o f f l i n e )  
I 1::: 2 + 1 p:: 2 +M 3 U n i t  3 d a t a  ( o n l i n e )  
k::Z+pi3+ 1 c : : ~ + M z + N ~  = 1:::s U n i t  3 d a t a  ( o f f l i n e )  
t:::3+ 1 t:::3+M4 U n i t  4 d a t a  ( o n l i n e )  
t:::3+M4+ .t k : :3+M4+N4 U n i t  4 d a t a  ( o f f l i n e )  
I i f  d a t a  is s t a c l : . e d ,  t h e r e  w i l l  f o l l o w  a n o t h e r  4 * c ( M 4 + N 4 )  w o r d s  
of  u n i t  4 d a t a  (see f i g u r e  5). 
Qecod i  n q  In_fgr_mat i o n  I 
1 
T h i s  s e c t i o n  p r o v i d e s  i n f o r m a t i o n  n e c e s s a r y  
c o n v e r t  v a r i o u s  i n f o r m a t i o n  i n  t h e  b a n n e r  (IRAN) 
( I B U F ) .  
DATE 
t o  d e c o d e  a n d  
a n d  s h o t  h e a d e r  
IBAN ( 5 )  
b i t :  14 1 0 9 5 4  (3 
month d a y  y e a r  ( b i n a r y )  
T o  g e t  t h e  a c t u a l  y e a r ,  a d d  1972 t o  t h e  v a l u e  i n  b i t s  4-0. 
TK I GGEK M4Kt:::EKS IB4N ( 3 3 )  - 1 B A N  (401 
T h e  t w o  h i g h  o r d e r  b i t s  i n d i c a t e  t h e  l o g i c a l  o p e r a t o r :  less . than  
i s  s i g n i f i e d  by  a v a l u e  of  1: e q u a l  t o  b y  a v a l u e  of  2, a n d :  
g r e a t e r  t h a n  by a v a l u e  o f  3 .  T h e  lower 1 4  b i t s  i n d i c a t e  t h e  
m a g n i t u d e  o f  t h e  c o m p a r i s o n  t o  b e  made. 
GAS SFECIES IBAN (45) -1BAN (48) 
Radix -50  v a l u e s  a re  s t o r e d ,  LIP t o  t h r e e  c h a r c t e r s  p e r  word ,  by 
pac1::ing t h e m  i n t o  s i n g l e  n u m e r i c  v a l u e s  a c c o r d i n g  t o  t h e  f o r m u l a :  
w h e r e  " i l l ,  ' l j" ,  a n d  "I::" r e p r e s e n t  t h e  oc t a l  c o d e  v a l u e s :  
S p a c e  (:) 
4 - z  1-32 
(:I - 9 36-47 
TEMP a n d  ALT 
The  b a n n e r  r e c o r d  c o n t a i n s  t h e  c o n v e r s i o n  c o n s t a n t s  f o r  t h e  
DRVi1-C c h a n n e l s  w h i c h  a r e  r e a d  i n  o n  a shot b y  s h o t  b a s i s  a n d  
s t o r e d  i n  t h e  s h o t  h e a d e r .  
counts = IBUF(lO+ICH) where ICH = channel # 
v o l t s  = counts * (l(:)v/'4i295 counts) 
and conversion t o  des i red  u n i t s  i s  accomplished by: 
i vo l  t s * I B A N ~ 6 5 + I 4 ~ * 1 0 * * I ~ A N ~ 6 6 + I B A N ( 6 7 + 1 4 ~ * l ~ ~ ~ * * I B ~ N ~ 6 ~ + 1 ~ ~  
where I4 i s  4 * (channel # -1). 
ENERGY MONITOR DATA IEAN ( 105) -1BAN ( 144) 
IBUF (21 -1BUF ( 3 0 )  
A s  i n  t h e  preceding data, t h e  conversion constants  a re  s to red  i n  
t h e  banner record  and t h e  l a s e r  energ ies a r e  s to red  on a shot by 
shot b a s i s  i n  t h e  shot header. The values i n  t h e  header a re  
2's complement b i n a r y  counts which have been c a l i b r a t e d  t o  read 
i n  m i l l i v o l t s .  To conver t  t o  m i l l i j o u l e s :  
IBUF i20+ICH) * i IBAN ~105+14)*10**1BAN( 106+14) 1 
where ICH i s  t h e  channel and I4 = 4 * (channel # -1). 
+IRAN ( 107+14) *lO**IBAN ( 108+14) 
NAVIGATION DATA IBUF(7)-IBUF(10) 
L a t i t u d e  and l o n g i t u d e  a re  each 2 16-b i t  word i n t e g e r s  coded i n  
BCD. B i t s  7-0 o f  t h e  low order  word are  l a b e l s  ( l a t i t u d e  l a b e l  
i n  he:.: i s  1 0  and l o n g i t u d e  i s  90). The in fo rma t ion  i s  then 
s to red  i n  b i t s  15-8 o f  t h e  low order word and b i t s  13-0 o f  t h e  
h i g h  order word w i t h  .1 m i n  r e s o l u t i o n .  B i t s  14 and 15 o f  t h e  
h i g h  order word designate east,  west, n o r t h  o r  south . 
Some ex amp 1 es: 
DIAL P a i r  MLqn_ment 
I t  has been found t h a t  i t  i s  extremely impor tant  t o  p rec ise-  
l y  l i n e  up t h e  on and o f f  l i n e  re tu rns .  Even a one word o f f s e t  
can cause o s c i l l a t i o n s  i n  t h e  concent ra t ion  p r o f i l e s .  Therefore, 
a d iscuss ion  o f  data al ignment fo l l ows .  The t r i g g e r  markers 
prov ided by t h e  lase-coherent t ime  base are  e l e c t r o n i c a l l y  
delayed f rom t h e  ac tua l  l a s e r  f i r i n g  so t h a t  any no ise  dire t o  
f l a s h  lamp f i r i n g  w i l l  no t  mask t h e  markers. These markers are 
t h e  most accurate so they a re  used f o r  t h e  DIAL t ype  re tu rns .  
There are  no t r i g g e r  markers a v a i l a b l e  f o r  t h e  one-wavelength 
r e t u r n s  so e i t h e r  f l a s h  lamp noise,  o r  a breakthrough spiI::e as 
t h e  s i g n a l  h i t s  t h e  a i r c r a f t  window, o r  i n  t h e  case o f  t h e  1.06 
r e t u r n  where t h e  d iode de tec to r  i s  always on t h e  r e t u r n  i t s e l f  
can be used t o  l i n e  up these r e t u r n s  w i t h  t h e  DIAL re tu rns .  These 
types o f  marI::et-s occcrr a t  t h e  t ime  o f  l a s e r  f i r i n g .  The f i r s t  
s tep should be t o  at tempt t o  l i n e  LIP t h e  on and o f f - l i n e  p a i r  as 
i t  i s  read i n  from t h e  d i g i t i z e r s .  F lug  t h e  t r i g g e r  markers i n t o  
t h e  f i r s t  u n i t  and no te  t h e  word a t  which these occur i n  bo th  the  
on and o f f  l i n e  re tu rns .  Th is  i s  done by l i s t i n g  ou t  t he  f i r s t  
5i:i words of each r e t u r n  ( e . g .  LIST -1,50 and LIST -601,650) I I f  
t h e r e  i s  any o f f s e t  o f  t h e  t r i g g e r  markers, s top data t r a n s f e r  
and ad jus t  t h e  WAKEUF va lue t o  l i n e  up t h e  o f f l i n e  r e t u r n  w i t h  
the  on l ine .  For example, i f  t h e  cu r ren t  WRKEUF value i s  1363 and 
the  o f f l i n e  t r i g g e r  marC::er occurs one word e a r l i e r  than t h e  
o n l i n e  t r i g g e r  marker, a new WAKEUF of  1362 w i l l  p r o p e r l y  a l i g n  
t h e  returns.1.f t h e r e  were no " j i t t e r "  i n  t h e  t i m i n g  of  t h e  two 
r e t u r n s  t h i s  would be a l l  t h a t  would be necessary. The ABLE2B 
data w a s  found t o  be very s tab le ,  i n  f a c t ,  no change was detect.ed 
throughout t h e  6 weeks of t h e  experiment. O n  t h e  other  hand, t h e  
Ozone Hole da ta  showed t h r e e  changes i n  t h e  separa t ion  du r ing  t h e  
var-ious f l i g h t s .  I n  order t o  e l i m i n a t e  any doubt, t r i g g e r  search 
r o u t i n e s  can be used t o  l i n e  LIP t h e  r e t u r n s  on a shot b y  shot 
basis.  To l i n e  up t h e  UIJ DIAL p a i r ,  t h e  so f tware  r e q u i r e s  
severa l  inpu ts :  
1. Determine and i n p u t  t h e  word number o f  t h e  l a s e r  f i r e .  
Th is  can most e a s i l y  be done by t r a n s m i t t i n g  t h e  I R  r e t u r n  and 
n o t i n g  t h e  word number o f  s a t u r a t i o n  (us ing  t h e  L I S T  -1,J 
command). I npu t  t h e  word number w i t h  t h e  LASFIH I command. 
L. Check :  t h e  o f f s e t  between t h e  ac tua l  l a s e r  f i r e  and t h e  
delayed t r i g g e r  markers. Th is  o f f s e t  i s  c u k r e n t l y  13 words or  
1.3 usecs. Enter  t h e  number o f  words w i t h  t h e  TODLY command. 
.is. 'W i th  both t h e  FMT r e t u r n s  and t h e  t r i g g e r  markers going 
i n t o  t h e  d i g i t i z e r  maL:e scire t h e  t r i g g e r  mar1::ers can s t i l l  be 
d i scerned . I f  not ,  an adjustment o f  t h e  l i g h t  p ipe  may be 
neccessary , 'The t r i g g e r  l e v e l s  m u s t  be s p e c i f i e d  f o r  s i n g l e  
shots  so i f  data i s  being averaged i n  t h e  d i g i t i z e r  you m u s t  
e i t h e r  d i v i d e  t h e  l e v e l  by t h e  number o f  sho ts  averaged o r  do a 
TWEEt::: ope ra t i on  on t h e  d i g i t i z e r  un i t .  The t r i g g e r  l e v e l  i s  
entered as l e s s  than (<::I7 greater  than ( ? I ,  or  equal t o  (= )  some 
value ieg. TRGLEV dt  0, 1::. 9i:)O, = -2048). Do n o t  f o r g e t  t o  r e t u r n  
t o  normal da ta  averaging when done us ing  TWEEK 0. 
The above t h r e e  s teps  should be repeated f o r  each d i g i t i z e r  
u n i t  w i t h  D I A L  p a i r s .  Data al ignment o f  t h e  s i n g l e  r e t u r n  
aerosol data i s  not as c r i t i c a l  bu t  s t i l l  impor tant  f o r  
comparisons w i t h  t h e  D I A L  da ta  and accurate de terminat ion  o f  
aerosol  layers .  Ac tua l l y ,  a l l  data p a i r s  ( e i t h e r  DIAL or  s i n g l e  
aerosol  r e t u r n s )  can be a l i gned  us ing  o n l y  one s e t  o f  t r i g g e r  
mar-kers s i n c e  i f  t h e r e  i s  any j i t t e r  between t h e  on and o f f l i n e  
l a s e r  t i m i n g  i t  w i l l  be t h e  same i n  each w i t .  Future  p lans  are 
t o  i n c l u d e  a t r i g g e r  search du r ing  data t ransmiss ion and t o  
i n c l u d e  these f i n d i n g s  i n  t h e  shot header. 
The t r i g g e r  search r o u t i n e  l ooks  f o r  t h e  t r i g g e r  marker i n  
t h e  11 words centered around where i t  expects t o  f i n d  one as 
s p e c i f i e d  by t h e  i n p u t s  LASFIR and TODLY. For e:.: amp 1 e , LASF I R 
i s  s e t  f o r  7, TODLY i s  13, and TRGLEV i s  =2048 then t h e  t r i g g e r  
search r o u t i n e  expects t o  f i n d  a va lue o f  2048 between word 15 
and word 25 of t h e  o n l i n e  r e t u r n  and between WORDSl + 15 and 
WORDSl + 25 f o r  t h e  o f f l i n e .  I f  a va lue i s  found be fo re  t h a t  
window o r  no va lue is found a t  a l l  w i t h i n  t h e  11 words searched 
then t h e  da ta  shot i s  no t  inc luded i n  t h e  concent ra t ion  ca l cu la -  
t i o n .  MODE 2 d i s p l a y  does a t r i g g e r  search on each r e t u r n  so 
i n p u t s  can be checl::ed by d i s p l a y i n g  MODE 2. The v a l i d  t r i g g e r  
words are  d isp layed i n  t h e  lower r i gh thand  s i d e  o f  t h e  screen as 
,-I 
- 
they are  found. : Inva l id  markers a re  denoted by an a s t e r i s k .  
One more word o f  cau t ion .  The occurrence o f  t h e  t r i g g e r  
marker i n  t h e  data stream can be a l t e r e d  by sw i t ch  s e t t i n g s  on 
t h e  d i g i t i z e r s  as w e l l  as by  t h e  command STORE. The Transiacs 
I have a p re - - t r i gge r  d i a l  which increments by 512 words ( f o r  4096 
I word record  l e n g t h ) .  To a l l ow  f o r  an ample window f o r  t h e  t r i g -  
ger mari::er t h e  Transiac should be se t  a t  118 (3584 words s to red  
a f t e r  t h e  t r i g g e r  and 512 words be fo re ) .  When t h e  data from the  
d i g i t i z e r s  i s  t r a n s f e r r e d  i n t o  computer memory f o r  s torage t o  
magnetic tape, t h e  operator  has t h e  o p t i o n  o f  s e l e c t i n g  where t o  
begin s torage w i t h  t h e  i n s t r u c t i o n  STORE. Th is  command i s  espe- 
c i a l l y  use fu l  w i t h  t h e  Transiacs s ince  so many p r e - t r i g g e r  wards 
need be d i g i t i z e d .  I t  a l s o  he lps  t o  conserve on s torage when t h e  
f i r s t  r e t u r n  i n  t h e  d i g i t i z e r  i s  o f  no i n t e r e s t  and o n l y  the  
second r e t u r n  need be saved !such as t h e  z e n i t h  opera t ion  
measurements). I t  has a l s o  been found t h a t  sometimes one o f  t h e  
a m p l i f i e r s  w i l l  cause a one word o f f s e t  o f  t h e  e n t i r e  data set .  
t o  b r i n g  t h a t  data s e t  i n  l i n e  w i t h  t h e  o ther  u n i t s .  
, 
I 
I When t h i s  happens, a STORE value should be i n p u t  t o  t h e  program 
F igu re  12 shows d i g i t i z e r  memory as compared t o  computer 
memory f o r  t.he 1::eyboard commands as f o l  lows: 
The events  shown a t  t h e  top  of t h e  f i g u r e  a re  de f ined i n  the  
f o l  lowing t a b l e :  
Event Time (usec) Word # 
On-l ine l a s e r  f i r e s  
TOA l i g h t  p i p e  mar1::er 
FMT A-gate t u r n s  on 
Ground r e t u r n  (4500 M )  
Time base "s leeps"  f o r  
163.7 usecs 
O f f - l i n e  l a s e r  f i r e s  
TOB l i g h t  p i p e  marker 
PMT B-gate t u r n s  on 











The sample d ia logue on t h e  f o l l o w i n g  page shows how t o  s t a r t  t h e  
computer and r u n  t h e  D I A L  DAS OS. Th is  d ia logue f o l l o w s  t h e  
t y p i c a l  sequence performed du r ing  ac tua l  f l i g h t  experiments. 
L ines  fo l lowed by comments preceded by two hyphens I - - )  are  user 
inputs .  L ines  fo l lowed by comments i n  parentheses a re  computer 
responses. l h e  use o f  some of t h e  DIAL DAS OS commands are  
shown - 
\ 
TIME /EVENT A B  C E F G  H 
- GROUND 
uv 1 - GROUND 
0 
4 0 9 5 r  0 
DATA STORED 
IN CPU MEMORY 




1912 + 4096 
DIGITIZER - GROUND UNIT 3 7 J d  I I R  




1912 + 40% 
F igu re  12. Example o f  d i g i t i z e r  memory as compared t o  saved 
b u f f e r  memory. 
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0RIGTNA.L PAGE tQ 
OF POOR QUALITY 
Sample D I A L  DAS dialogue, 
i s  typical of an actual f l i g h t  experiment. The f i r s t  two pages show the 
procedure t o  a l ign the d i f f e r e n t  re turns  with each o the r ,  which i s  n o t  
necessary t o  perform on each f l i g h t  provided the returns  a r e  s t ab le .  
The t h i r d  page shows the comands necessary t o  display the re turns  f o r  
optimization, record t o  tape a n d  perform color  maps of aerosol and  ozone. 
The dialogue sequence on the following pages 
.R TInE 
nnnI TInE IV WINS L E ~ R  T 
EMTER i i n E  nnsntnsms: i3,zsr30 -- THE T i n t  IN WOK 
022204 
ep -- THE TO nntu WE TIM 
STOP -- 
.RUM n A s m  
.RUN Il l  
en7/wioo* 1000 
.RUM sLnuE 
... ennw REmi ... 
TAPE : I FILE: o m o E n  YORM: Q) om: usti1 
nLi: o UP/IJOUN: o snip FRE: i o  L ~ C R  fir: 9 
U N I T  unosi urns2 START BnsL  IS o E w  s m E s  onnus 
-- RUN mom to SET cmni cioa 
m n E  PRO~MI wan mto u n m  fori nnnn 
(TIM IS Lnnnto, TIE PROSMI s t o m  
(LSI n nus LSI IZ To RUN comnn ~ i i " )  
as1 n o m s  STIKK mnm nEc an IFEP YB LM n urn nooms IOOO 
(LSI n nus 1st P n nun PROSRU " s i n u n  
QSI n PRINTS OUT RESIDENT Brim MCOW 
-- RUN M O ~ R M  " n r ) S m  
or (LSI8l  TELLS JFU 001 n RW JII YWICW Ha IEU L O R W  STRRTDW nT 1008) 
, 
REP RATE: S ABS COEF: WE-20 UllKtV:IJU 
1 60( 600 0 0  0 > 204 I 03 5 
2 139 1350 490 40% > 308 I 03 5 
3 600 140@ 490 40% : 8 5 I R  S 
4 600 1408 490 0 > IS0 5 UlS 5 
AIO CONUERSION consinin EERSY C0II)EISIOI) 
CHAW SLOPE OFFSET CWI SLOPS OFFSET 
1 4000. -1000. 1 0.W-02 -3.23 
2 1s.o -15. 2 O.42E-02 -1.12 
3 10.0 -10. 3 0.125 -4? .2 
4 20. -so. 4 0.1326 -1 .u 
5 0.0 0 .a 5 0.W-02 -1.61 
~ S T ~ R T  
7nm 1 -- nnnsFEn UNIT 1 n i  PULSE FMwncv 
 LIST-^^ -- LIST LnsT BURR rmn YORDS I n a 
snoi : 151 nu6 : i 
-- STMT om mnsca cnon OICITIIMS (SEE FrsuM 12 rm YR STOII(E) 
0 1 2 3 4 S 6 1 0  
I 300 302 299 305 301 3Q3 299 300 S I 1  3Ol 
I1 300 303 305 302 300 301 299 301 300 300 
2 1  1631 1604 1691 1123 300 300 304 300 302 303 
0 1 2 3 4 5 6 T l 9  
601 310 304 301 301 301 299 304 300 302 4?3 
611 300 301 301 301 298 301 306 302 303 30) 
621 303 1S3@ 1555 1493 12% 376 302 303 305 301 
7LIST -601,630 
SHOT : I06 AUS : I 
-- LIST OUT FIRST 30 YOROS Of QFLIrC RENRN 
"LdSfIR 9 -- L n w  FnE Is AT URD 9 OF a m  om 
7mow 14 -- ~ I S S E R  nnaa con WIT i IS DELMB 14 wms 
7TR6LIY >QoQ -- CWWQ R I S C ~  LERL I unin n >u( 
'TUYEEI 0 -- RETURII WIT i n s snor accmuimons 
'STOP -- sw om IRYSFER 
?MEUP 1363 -- n m n  WLIM n OIIY onn 
'SMRl -- S T ~ T  onid mnsra 
~TUEEK I -- $ I S L E  SHOTS on UNIT 1 
W ~ T : - 6 0 1 ~ 3 0  
-- LIST OUT FIRST 30 WROS OC QFLIlE MNUI 
29 nu6 : 1 
0 1 2 3 4 5 6 1 0  
601 304 301 301 30'1 299 304 300 302 413 310 
611 300 301 301 301 2 s  301 306 302 303 30) 
621 1563 1530 I555 1493 362 306 302 303 305 301 
7 ~ 1 ~ 1  -1201,1230 -- LIST U l I T  2/OILInE FIRST 30 YDROS 7 N E E I  2 sno i :  251 nu6 : i 
-- RETURN UNIT I n 5 SHOTS, TnE SIWE wtn ea UNIT 2 
0 1 2 3 4 5 6 1 0  
I201 3900 3902 3909 3905 3901 3903 3 0 9  3900 SW 3901 
1211 3900 3903 3905 3902 39W 3901 3 0 9  3901 3908 3908 
1221 1631 1604 1691 1123 39W 3900 3 0 4  394) 3982 3 9 0  
7 1 1 s ~  -issirism -- LIST UNIT 2lOnLInE FIST 30 LPROS 
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OE POOR QUALITY 
SHOT : 312 1IU6 : I 
0 1 2 3 4 5 6 1 B 9  
1551 3904 3901 390B 3901 390) 3904 3900 3902 1296 390) 
I 5 6 1  3900 3901 3901 3901 39W 3941 3906 3902 3903 390) 
1511 1530 1555 1493 1256 3 9 X  3902 3903 3905 3901 3900 
7 ~ 0 0 1 ~  ,id -- TRIGER MRKEB on UNIT 2 ARE o E L n w  14 uom 
7TR6LEU ,3800 -- LOOK ron LEUEL LEss Twin 3800 
7NEEK 3 -- RENRII UNIT 2 TO 5 S H O T S ~  in& s I n w  WTS UNIT 3 
SHOT : e(z nu6 I 
0 1 2 3 4 5 6 1 8 9  
3901 3940 3902 399 3905 3901 3943 309  3YW 0 0 t 
3911 0 0 0 0 0 0 0 0 0 0  
3921 0 0 0 0 0 0 0 0 0 0  
'LIST -ciama -- LIST U l I T  P/ORLIIE FIST 30 YDRDS 
SWOT f 512 IUS E 1 
0 1 2 3 4 5 6 1 8 9  
4501 3904 3901 3900 3981 390) 3M 308 3Y02 0 0 
4511 0 0 4 0 0 0 0 0 8  
4521 0 0 0 0 0 0 0 0 8 O  
7ns~tu ,:a -- UILL LOOK fO1 SANMT101 ON W I T  3 
(AT THIS PO111 nt IRI6CERS 01 UNIT 4 SHOUO BE CHECKED. S I 1 4  YE HAY€ O I Y  2 LIQlT PM OVmTS U H I C I  HlK 
7 1 1 s ~  -3901,39jl -- L I S T  U1IT  3/ONI# flRST 30 YDROS 
~ T O D L Y  ,A -- u u  usE mfi LASER iInIw6 ns nnnm (I OELRY) e 
~LREADV BEEN USED OM UNITS I nao 2 *  RID MOT SUFFICIE~T ?am CELL NOISE on THE mut NM TO u s E  ns n nmm, 
UE n161n monnn1Ly USE TWE n m t n s  or UNIT I m CHECK TWE onin) 
'TUEU 4 -- RETURN UNIT 3 n 5 SHOTS. in& s I m  SHOTS on UNIT 4 
'LIST -5901,5~3( -- LIST UNIT UONIlE f IRST 30 URDS 
SHOT : 505 AS : 1 
0 1 2 3 4 5 6 1 B 9  
5901 I O  502 SOY 505 501 I 3  SOY 508 SO( 501 
5911 SO0 503 SO5 502 500 501 509 501 502 1622 
5921 l d o l  1608 1591 523 500 500 504 500 502 503 
7 1 1 s ~  - 6 5 o t r 6 s a  -- L I S T  UNIT UOffLINE FIST 30 UROS 
SHOT : 525 hU6 : I 
0 1 2 3 4 5 6 1 8 9  
6501 504 S O 1  508 501 50)  SO4 508 502 SO8 50) 
6511 SO0 501 501 501 SO8 541 506 502 503 I 6 I  
6521 IS30 1555 1493 526 506 SO2 503 505 501 508 
'TR6LEU ##,>600 -- nARKER RUST 8E 6ELlER l H l  608 
'TUEEK 0 -- RETURN UNIT 4 n s SHOTS 
7 1 0 0 ~ ~  ,,,14 -- n n n m  1s OELMD 14 UORDS 
'STOP -- s m ~  om nnnsrEn 
WORE ,,ADO)) -- UNIT 4 IS TIII~ERIIS I UORD WMY so BY snnIta i uom s o o m  UE CUI LIE IT UP uirw 
'START -- ntsmni MTR miasm 
7 ~ ~ 1 ~ 1  ISQO  -- PLncE nrncnnFi n i l  IN n n a m  
~LSTBI(R -- LIST OUT HEY s(l11ER RLCORB ... ema mao ... 
TnrE : I FILE: o ntnoEn UOROS: u o m  61~181 
RLT: isooo ur/oout o s m  rncr to L ~ L R  mc: 9 
UNIT UROSI u m 2  s iani  ins IRIS o m  stEtIcs om6 
4 600 1400 40 0 ; 600 5 V I S  5 
REP Rnlk 5 ABS COEF: I l l € - 2 8  U IKEVr l363  
I 600 608 490 0 > 400 5 03 5 
2 1354 1354 498 40% < 3aOo 5 03 5 
3 600 1400 490 40% - 0 5 IR 5 
nto COWUERSIOR c o m m  ESRCV CO1UERSIOls 
c H n i  aorc o r m  CMI sLwE OFFSET 
I wo. -1000. 1 0 . M - 0 2  -3.23 
2 t5.0 -75. 2 0.42E-02 -1.12 
3 10.0 -10. 3 0.125 -41 .2 
4 a. -50. 4 0.1326 -7 .M 
5 0.0 0.4 5 O S E - 0 2  -1.U 




7 ~ 0 7 1 1  
!UNIT 2 
~ O N L  INE 
'OFFLINE 







7 U I I T  2 
'UNIT 3 
'UNIT 4 






2 0.uE-u -1.12 
3 0.125 -4? .2 
4 0.1326 -? .U s ~ . S S E - W  -1.u 
'IAPW 
'AERfff  -- sw m o s o i  COLOR n r  
W O f F  -- sm, OZOE COLOR nly 
~EWOFIL -- END Of LE6r ED THE f1Lt 
'HILE6 -- SET UP FM n16n LE6 
(AI0 so ON.. . . , ...... .... . ..) 
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A f t e r  t h e  s ta r t -up  procedure o u t l i n e d  above, a l l  f u r t h e r  
i::eyhoard i n p u t  i s  i n t e r p r e t e d  by t h e  program MASTER. A complete 
se t  o f  l e g a l  commands a re  l i s t e d  on t h e  f o l l o w i n g  pages. A 
s i n g l e  charac ter  o f  operator  i n p u t  can be erased by means o f  t h e  
BIXXSFACE i-) 1::ey. An e n t i r e  l i n e  can be erased us ing  t h e  DEL 
1::ey. The D I A L  DAS OS i s  brought on - l i ne  w i t h  p redef ined o p t i o n  
de fau l t s .  Data t r a n s f e r  f rom t h e  d i g i t i z e r s  can be i n i t i a t e d  
immediately i f  these d e f a u l t s  a re  s u i t a b l e  by means o f  t h e  STAIRT 
command. Once START has been entered t h e  program i s  i n te r r c tp t -  
d r i v e n  b y  t h e  d i g i t i z e r s  and c e r t a i n  parameters should n o t  be 
changed. Commands t h a t  change these parameters a re  l i s t e d  i n  t h e  
s e c t i o n  "Stop Mode Commands" and can be used o n l y  a f t e r  STOF has 
been entered. Also i nc luded  i n  t h e  "Stop Mode Commands" a re  
those commands which deal w i t h  t h e  i n t e r a c t i o n  o f  t h e  two LSI 's.  
These commands can o n l y  be issued i n  s top  mode t o  prevent  t h e  
computers f ram g e t t i n g  out  o f  sync. E r r o r  messages are  d e t a i l e d  
i n  Appendix 111. 
I n  t h e  f o l l o w i n g  l i s t  o f  commands, t h e  v a r i a b l e s  U1, U2, US, 
and U4 a re  used t o  r e f e r  t o  i n p u t  parameters f o r  d i g i t i z e r  u n i t s  
# l ,  #2, #3,  and #4 r e s p e c t i v e l y .  The Trans iacs can be used i n  
any order which i s  determined by t h e  command CAMACS whose i n p u t  
parameters l i s t  t h e  s t a t i o n  numbers o f  each u n i t  i n  t h e  sequence 
i n  which they  are  t o  be read. Once t h e  order has been 
es tab l i shed  by t h e  CAMACS command a l l  o ther  commands t h a t  have 
u n i t  numbers as v a r i a b l e s  w i l l  f o l l o w  t h a t  order .  
Commands which have been changed o r  added s ince  l a s t  yea r ' s  
r e p o r t  a r c  denoted by a p l u s  symbol. 
I .  D i g i t i z e r  Storage Commands: 
+ WORDS1 U1 , U2, US, U4 
+ WORDS2 U1 UZ, U3, U4 
STORE U1 U2, U3, U4 
CAMACS 
+ E A T A V G  lJ1 U2, US, U4 
LOLEG 
I , J , t::, L 
HILEG 
+ WAKEUP I 
# p o i n t s / r e t u r n  #1 f o r  each u n i t  
# p o i n t s i r e t u r n  # 2  f o r  each u n i t  
s t o r e  f rom t h i s  word f o r  each u n i t  
s t a t i o n  # f o r  Trans iacs t o  be used 
# shots  t o  s u m  be fo re  s to rage 
c a l l s  f o r  a number o f  d e f a u l t s  used 
dur i rig 1 ow a1 t i  tude passes 
c a l  1s up a number o f  d e f a u l t s  used 
du r ing  h i g h  a l t i t u d e  passes 
word separa t ion  i n  d i g i t i z e r  
between f i r s t  and second r e t u r n s  
2. Flay-Back Commands: 
FLOT I p l o t  I shots f rom tape 
i f  I=-l p l o t  f rom memory 
3. L.SI # 2  Froyram Contro l  Commands: 
BOOT 
SLAVE 









L. S T F L T 
COPY I 
FR I NT 
L I S T  1, J 
2. Banner Record Input :  
FORM4T 
TAPE 











BASL I N  
I 
I,J 
u1, u2, u3, u 4  
u1, u2, UT, u4 
u1, u2, UT, u4 
Ul,U2,U3,U4 
boot L S I  #2 then r u n  program SLAVE 
r u n  program SLAVE on L S I  #2 
s t a r t  da ta  t r a n s f e r  from d i g i t i z e r s  
s top  da ta  t r a n s f e r  
c l e a r s  i n t e r r u p t s  and issues  a macro 
RESET command which r e t u r n s  a l l  u n i t s  
t o  t h e i r  s t a t u s  a t  power-up t ime  
synchronize t h e  two computers --used 
when monitor di 'splay f a i l s  t o  update 
1 : : i l l  program MASTER and r e t u r n  t o  Monitor 
record  i n  stacked format t h e  l a s t  u n i t  
a t  5 Hz rep  r a t e  
r e s e t  shot counter t o  zero 
p r i n t  out  c u r r e n t  banner reco rd  
p r i n t out  cur  r en t p 1 o t  t i n g opt  i on s 
copy C H I  t o  T r i l o g  (s izes :  I=1-4) 
p l o t  b u f f e r  i s  p r i n t e d  out  on T r i l o g  
p r i n t  da ta  b u f f e r  from word :[ t o  J 
i f  1,:::iI p r i n t  b u f f e r  i n  memory 
i f  I :.i read b u f f e r  from .tape 
format # ( = 2  p r e s e n t l y )  
tape # 
f i l e  # 
reserve  I words i n  shot header 
1=0 down-looking; 1=1 up- look ing 
pu lse  r e p e t i t i o n  frequency ( H z )  
sampling r a t e  iMHz) 
p lane a1 t i  tude < f  t )  -- for  a1 t i  tudes 
g rea te r  than 32C)OO use - I / l O  
# words s to red  be fo re  t r i g g e r  marC::er 
absorp t ion  c o e f f i c i e n t  I* l6**J (atm-cmi-1 
# words o f f s e t  between marker and 
ac tua l  l a s e r  f i r i n g  
usecs a f t e r  t r i g g e r  t o  s t a r t  o f  r e t u r n  
3 - l e t t e r  gas i d e n t i f i e r  (AER,OT,HZO) 
base l i n e  f o r  r e t u r n s  
TRGLEV aUl,bU2,cUZ,dU4 t r i g g e r  marker l e v e l  where a,b,c,d 
can be = or  .:: c y -  1::. 
- .:%a. C a l i b r a t i o n  Constants For Met Data: 
ADCH1 I,J,C!',L a l t i t u d e  s lope (I*lC)**J) and i n t e r c e p t  (t:::*lO**Ll 
ADCH2 a1 t i  tude-radar II 1 1  
ADCH3 II dewpoint I 1  
ADCH4 I I  FHT temp I 1  
ADCHS t o t a l  temp 





3b. Conversion Constants For Laser Energy Data: 
EMCHl I, J,K,L channel 1 s lope ( I * lO**J)  and i n t e r c e p t  iI.::*lO**L) 
EMCH2 channel 2 
EMCH3 channel 3 I 1  
EMCH4 channel 4 
EMCHS channel 5 
EMCH6 channel 6 
II 






I 1  
I 1  
4. Magnetic Tape Commands: 
CIPHER 
RECORD 
B AN N E R 
ENDF I L 
REWIND 
SKPEO I 
FNDF I L 
SKFF I L 
BAKF I L 
S KF'REC 
EA t:: I7 E C 









U N I T  I 
ONL I NE 








O V R L A Y  I 
BGWORD I 
U1 , U2, US, U4 
c ipher  u n i t  # ( I = l  o r  2) 
w r i t e  banner and s t a r t  reco rd ing  
w r i t e  banner 
w r i t e  EOF and s top  reco rd ing  
rewind tape t o  BOT 
s k i p  t o  2 consecut ive EOF's 
search f o r  f i l e  I ( forward  o n l y )  
s k i p  forward I f i l e s  
s k i p  backward I f i l e s  
s k i p  forward I records  
s k i p  backward I records  
sample and d i s p l a y  u n i t  I a t  rep  r a t e  
s e l e c t  p l o t  mode I iI=O f o r  no d i s p l a y )  
raw data  d i s p l a y  
on /o f f  l i n e  ove r lay  d i s p l a y  
ozone concen t ra t i on  d i s p l a y  mode 
water vapor concen t ra t i on  d i s p l a y  mode 
p l o t  gray sca le  i f  I = l  
CRT aerosol  gray sca le  d i s p l a y  
d i s p l a y  u n i t  I data  o n l y  
show on- l ine  r e t u r n  o n l y  
show o f f - l i n e  r e t u r n  o n l y  
show both  on - l i ne  and o f f - l i n e  
p l o t  r e t u r n  # f o r  each u n i t  (both=7i 
p 1 o t  sca l  e f a c t o r  where sca l  e=2** I 
d i s p l a y  range i n t e r v a l  (see no te  # 2 )  
s u b t r a c t  background and blowup t o  scale=Ci 
o f f s e t  x-ax is  by  I 
c l e a r  CRT ((:)=no c l e a r ;  l=data  only :  15=a l l )  
over lay  data f rom d i f f e r e n t  u n i t s  i f  I = l  














# words t o  average f o r  bac1::ground iwindowi 
sub t rac t  background i f  1=1 
range c o r r e c t  i f  1=1 
smooth data over I meters (ma:.: 105m) 
average I shots  i n  d i s p l a y  
index of  I through data b u f f e r  ( i f  I = O  
program computes index necessary t o  f i t  
da ta  on screen) 
I p i x e l s  p l o t t e d  per data p o i n t  
I = 0 update p l o t  and r i g h t  screen 
I = 1 update p l o t  on l y  
I = 2 update r i g h t  Screen o n l y  
use range c e l l  of I meters 
concent ra t ions  i n  p a r t s  * l O * * I  
s h i f t  TOA mar1::er by I words 
i f  1=1 c o r r e c t  concent ra t ions  f o r  
a l t i t u d e  change o f  standard atmosphere 
( t h i s  c o r r e c t i o n  no t  necessary when 
t h e  absorp t ion  cross-sect ion i s  changing 
w i t h  a l t i t u d e  as w e l l )  
Rayle igh c o r r e c t i o n  i n  same u n i t s  as 
GASEXP above 








s t a r t  r e a l - t i m e  c o l o r  map of aerosol  
s top r e a l - t i m e  c o l o r  o f  aerosol  
zoom f a c t o r  ( d e f a u l t  i s  3 )  
minimum value o f  range co r rec ted  s i g n a l  
-- when i t  f a l l s  below t h i s  va lue  i t  
w i l l  be wh i te  
maximum value o f  range co r rec ted  s i g n a l  , 
-- when i t  f a l l s  above t h i s  va lue i t  
w i l l  be b lack  
a l i g n s  data such t h a t  pressure 
altitude g r o u n d  is a t  t h i r d  tic m a r k  f r o m  
bottom 
normal izes r e t u r n  by EO/E where EO 
i s  f i r s t  shot energy computed f o r  energy 
monitor channel I and E i s  t h e  energy o f  
t h a t  channel on each shot 
zero fill data  i f  va lue g rea te r  than I 
places  a s o l i d  black: l i n e  on p l o t  
p l o t  t h e  I r e t u r n  ( e i t h e r  1 o r  2 )  
p lace  t ime  and p o s t i o n  every I minutes 
The f o l l o w i n g  commands a re  i d e n t i c a l  i n  f u n c t i o n  as those 
l i s t e d  i n  t h e  prev ious  s e c t i o n  bu t  t h e  " @ "  preceding each command 
d i r e c t s  t h e  a c t i o n  t o  t h e  c o l o r  aerosol  d i s p l a y  on t h e  Act 11. 
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7. Ozone  Color-Scale Commands: 
+ MCSPUV 
f UVOFF 
+ *WHITE I 
+ *ALTCOH I 
+ *LAEEL I 
T h e  f o l l o w i n g  
s t a r t  real-time color  map o f  o z o n e  
s t o p  real-time color of o z o n e  
minimum v a l u e  of o z o n e  
-- when i t  f a l l s  b e l o w  t h i s  v a l u e  i t  
w i l l  b e  w h i t e  
ma>:  i mum V a l  ue o f  o z o n e  
-- when i t  f a l l s  a b o v e  t h i s  v a l u e  i t  
w i  11 b e  b l  acl:: 
a l i g n s  d a t a  s u c h  t h a t  p r e s s u r e  
a l t i t u d e  g r o u n d  is a t  t h i r d  t i c  mark f r o m  
b o t t o m  -- o n l y  w o r k s  f o r  n a d i r  d a t a  
p l a c e  t i m e  a n d  p o s t i o n  e v e r y  I m i n u t e s  
commands are i d e n t i c a l  i n  f u n c t i o n  a s  t h o s e  
l i s t e d  i n  t h e  p r e v i o u s  s e c t i o n  b u t  t h e  "*" p r e c e d i n g  e a c h  command 
d i r e c t s  t h e  a c t i o n  t o  t h e  color  o z o n e  d i s p l a y  o n  t h e  A c t  11. 
*UN I T *tEGWORD *HGWIND *SMOOTH *RNGCEL *PLTAVG 
*INDEX *GASEXF *SHFTOA *ATMCOR *RAYCOR 
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